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The plan of the fortlicoming volumes will be shuila? to that of tho;ie 
already issued ; they ^ intended to servo for the uw of practical men, 
as well as for exact instruction in the subjects of which they treat ; anjr 
it is hoped that, while retaining tlie logical clearness and simple ^uence 
of thought which are essential to the making of a good scientific freatihc, 
the stylo and subject-matter will be found to be within the comprehen- 
sion of working men, and'^snited to their wants. The books will not bo 
mere manuals for immediate application, nor University text-l)Ooks, in 
which mental training is the foremost object; they are meant to bo 
^radical treatises, sound and exact in their iofftc, and with every thewy 
“ mid every process reduced to the stage of dired and useful applieniiov^ 
a*td illustrated by tvsl I -selected examples frofdl familiar processes and 
facts. 
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PREFACE. 


This book is written expressly for bt^nners. In 
order that they should really understand the state- 
ments which’ it contains, it will be necessary for them 
to begin at the beginning, and to go straight through 
it Among other reasons for adopting this course, it 
is to be noted that it is impossible to avoid the use 
of technical terms in disefissing a scientific subject ; 
since we often have to deal with matters for which no 
expressions are in use in ordinary language. In this 
book, when a technical term is introduced for the 
fust time, its meaning is explained, but the explana- 
tion is not afterwards repeated. Processes are also 
described in detail when first mentioned,' but when 
afterwards referred to, tliey are simply directed to be 
followed. 

Most of the experiments described are of a simple 
icind, and only require such apparatus and materials 
as may be easily constructed or procured. The 
student is strongly advised never to omit the per- 
formance of any experiment which he has the means 
of making. No useful knowledge of Chemistry can 
be acquired b^ any one unless he constantly makes 
experiments as he proceeds with the study. 

W. A. Miller. 



NOTE. 


My Ptofessor Miller completed this work, and 

placed the \yii<>le of the MSS^ mduding the Preface, in the 
hands of the Printers. : He was actually engaged in reading ,, 
tlie proof sheets up to the time of his visit to the British 
Association Meeting at Liverpool, when he vras seized with 
a suddi^ and fatal illnessi 

Prdessc^ Miner pliteed the first few sheets of tl>e work in 
my hands, and requested me to read them and give him my 
opinion as to the mode of treamient I accordingly did! so, 
and suggested, certain clmnges in the style and arrangement 
which, if accepted, might add to the ctomess of the book 
and^ so far a^st the young student^ in Chemistry, He ap- 
proved of ^ese suggeations, and in his last illness left a 
written request that 1 WfWildlree the work through the press 
I have to the Itest of my ability complied with his wishes. ^ 

« , C. Tomunw^n, 


HKSHOAtEj'N, 
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INORGANjp 9^'feMrSTRY. 

leH^PTER 1. 

(fllEltiaiL LLCMLNTS — COMBIIf AXIOM. '« 

(f) 0itd aim of Chmisiry. — Maiqr «f <c}uU|g6s 

in notoral oti^ects vriildt are Uking. plactf «ouad ^8 «v«iy 
day-»-some stowly, some quickly--— we theresuk of a i^ass ^ 
actions 8vbtch are called chemdaU. Wlteb, k 

piece of iron is exposed to the open air and hecomes 
covered with rust, or when a fallen leaf crumbles away* or 
w^ttn milk becomes sour after it has hesn kept for a ftw 
the change vduch has oocutred in eadt case is of a 
chemical nature ; in all of them an alrere^oa in the com* 
^sition of the sahstance httt taken Bhtus> new sub* 
stances, with pn^rties qjjutb diileront Aenn diosq of the 
ongmal matena]^ have been foitnod. The h’W hiwi<hMt<!th 
up something Anm the air winch has tdtered tta -hoVrlr «a 4 
lessened its strength ^ the leaf haa ftindshed new bodie^ 
some of which have passed offunBeen into the atmosphere ; 
while the sugar in the aii% has become chfnjgsd mto an 
acid, and the cuid Jms hten sepwated from djtp ttbeji. 

It IS die business of the chemist to find these 

various auhstaoees axe made Of; asWfdl a»<fh|Ct,^|||PWM!«^^ 
of the altemdmt in oon^ptositicm siMdt )M^«ieet«red in 
these oases, and the mekhs by svhidi well flu^iestjsn be 
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fonvarded or varied, or altogether prevented. Chemistry iS 
in fact the suence ivhich teaches us die comiK>sition of 
bodies. Whenever, therefore, a new substance is put ii:Ho 
the hands of the chemist, whether it hp derived r.oin the 
mmeralg the VegOtable, or the animal creation^ one of his 
first questions is, Of wliat is this body made ? Is it com- 
posed of one kind of matter or of several Kinds ? 

In order to obtain answers to these questions we must 
learn to observe carefully the changes wliich are going on 
around us ; and we must also contrive fresh arrangements, 
more or less altered, in ahicb tlie e^act cirrmnstanccs 
have been planned by ouiselvcs for the purpose of seeing 
what udll happen under tiiese altered conditions Suih 
planned observations are what are commonly called expert- 
mefits) and the better they are planned and peifomied 
fhe more ^e shall be able to leam if we reason accurately 
upon the result obtained. Chemistiy is m the best sense 
an experimental science, calling into action alternately the 
head to plan, the hands to perform, and the bead again to 
explain the results of our experiments. 

Various substances may easily be shown to contain more 
than one kind of matter ; while others have hitherto foiled 
all the efforts made to separate from them any second sub- 
stance. For example, fiOm a mass of pure silver nothing 
can be ^]|j(tamed but sQver itself, copper will furnish 
nothing but oopper, and from sulphur the chemist can ex 
tract nothing but sulphur. Suc6 bodies have therefore been 
called rndnemposed or simfk Jtt^bsfmces^ or ekmenh 

On the other hand, such bodies os table salt, iron rust, 
water, chalk, wood, mercuric oxide, may each hy the use of 
suitable means be made to yield more than one kind of 
matter. ^ 

SxpeHmefii i.-^Flace a scrap of wood in it test^tibe, which 
IS a ^ass tube about the sise of the forefinger, and closed at one 
end. Ifeoii it by holding It just above the dame of a spirit 
tamp IThe wood will become diarTed and btaali»med while 
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Vapours mil be given off, and will collect on thtf cold sides of the 
glass in the form of a browpish tarry liquids 
«£>/. 2i-^Plaee itl a tcst<*tubc as much mercuric oxide^ or red 
oxide o(^ mercury, as wi}l cover a sixpencei and heat end 
of the tube in the dame eSf a spirit lamp. Oxygen gas wiU come 
off as a colourless in which a splinter of wo^, previously 
kindled and introduced into the tubc^ will bum brilliantly, and 
drops of metallic merc»ry will collect on the cold sides of the 
tuba 

Such bodies as wood and mercuric oxide are said to 
admit of being decompi^i^^ that i$» they may be separate(f 
into two or more distinct kinds of material i and all s»ib^ 
stances which thus admit of bt^mg a^m/ysed or pullfcd 
asunder into their constitueiit substances are known chemi- 
cally as comjowtds. 

In many uiscs the chemist can not only separate a 
pound into us elements, but he can, out of those dements^ 
1)) synthim^ or putting them together again, btdld Op the 
compound — ^as may easily be done with the iron rust, 
and the mWcuric oxide just mentitmed. When a bo4y 
can be thus separated into its elements, and can be re- 
produced by combining those elements aimin^with each 
otlier, we possess the most complete prqof of its iiiearicsl 
composition, though much remains to bediscov^ed respect- 
ing the mode in which the diSerent substaatoos amngeii 
in* the compound. We may know* for example, wbat 
letters are wanted to spell sf particular word, Jbnt^k order to 
spell the word correctly we Itoow ^ in 

which these letters are to foUcm' one Juabho it iM 

necessary to discover if ^sU4e the of the 

elements in a chemical ootopO^d befcxrw^ WO OHO Ve said 
mily to know its constituiton,. Every malefSal Object with 
which we are acquitted is,^in a efbemioai point of view, 
either an element or a tomjpoinid, or else a mecKyimIctS ndx^ 
turcOftwoormtweeleto^tSOr<?^ ^ ' 

By far ^ numt^ of natural a# con;- 
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. poanils. l%ei^ (Qompounds consist of two or more limptl 
substtmces uniiod according to certain fixed rules or laws. 
The (dttple bcidies here no more inteness t6 l(he cotn- 
IKMut^ which Aejr fi»ni than the stqwrate lettetS of the 
Allphabet have to the words Which may be made from them. 
The power which causes the various elements to imlto one 
with another, and which holds them together after they have 
united* is called (henueti aUrgetm. It » much stim&a 
between some elements than others* and is exerted accord* 
ing to fecial rules, which will bfl et^Hnned hereafter. 

(a) Chmicat MemtiOs : theitr m$de vf (wn/Maua— Two of 
the most important of the elements, OJOrgen ana mtrogen, 
form the principal portion of the atmosphere, and they 
occur in it mixed with each oi^er, but not rhemioally com- 
bined. The only other eleirients qf impoitaltoe which ate 
met with in their separate or state are sulphur or 
brimstone, carbon (in the vety different fonnt lif black-lead 
and diamond), iron, coppor, Insmuth, meicmyi sUvar, gold, 
and platinum \ but some of these are finmd much more 
abundantly in combination with other dements than in &e 
separate form. > 

The chemical elements axe Uttie more than six^ in 
number. Most of them o<>cttr in combination in the sttata 
of the earth. Some, indeed, are found so sparingly that 
their properties have been but little examined. Odiprs 
again are extremely abundant, particularly hydrogen, oxygen, 
nitrogen, and ‘carbon ; two or more Of these four elements 
enter into the formation of most of the objects famihnrto us, 
except the ordinoiy metals, which ate* themselves dementary 
bodies. 

Taking the earth as a whole, so far as mao has been able 
to penetrate into ud examine it, more than one-tfalrd of i 
has been finmd to OMlfist of oxygen eithiar cotolnned or un- 
combine'd,^ nearly one-four^ consists of ailietaa in com* 
binatiqpi for the most part, with oiQrgen. Beside^ this, earn- 
pounds of aluminum, calcium, iron, carbon, magnesium, 
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sodiuttv potasnum, and sdpliur, aae In cQn!tid<|r^tilttt 
prppoiti^ ; Bomc coni^ed to ^peditl p&>c<s» and 
very g^endly difihw»d : whild, <lt«)RjIyed lA sea we 
have, iiulepetidenOy the oxygen a^d hydingen of the ivttt«ir» 
cotQpptmds of soditan, chh^ne, ttagnetaom, calcium, sod 
potassium, in MAbinatioAs^ Of about tweit^ 

other eleHumta to'th^neetiely small pn^rdons. 

^ '' 

For the sahe 'dii^^ttliwmknce die eimaents axe ditdded 
into the two claam <i ^metiUs and nvtMm/tiii, die 

two classes bm into each odum Fi% of tbe etemeotsare 
commonlyiredtoned as metallic^ and thixtecoi as atmeaeiallic 
m their nature. The thirteen eitelAen's oomBseoly eaume' 
rated as non-metah are oxygen, nitrogen, hydrogen, carbon, 
chlodne, bromine, iodine, duoiinci sulphur, sefamium, pho^ 
phorus, silicon, and biaron. *' '' 

In the following list those of thegreateOt Httportance are 
printed in capitals, as Oxvosw. cberaisie! properties 
of these we examine hereafter ; those in ordinary type, 
as Bromine, wiU Iw touched upon less fully ; whilst of those 
in italics, such as Tcmtaim, owing td their mrfty, and the 
absence of any important application of tt)em in the axts, 
few will need more than a passing mention. • 

EtEMENTS WIT«f THEIR SVJIROLS A,\D AtHMIC WEtOHlS. 
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ElAMCNiS WITH TIlEIIl S^MlJOLb AND AXOUIC Wjf KtHl 


Name 

S3 mbol 

At mu. 
Weight 

Name 


1 

At )mic 

1 

Mnm • 

In 

76 

1 Rhodium 

Ko 

TJ 

lodme * 

1 

127 

Kitbuimm 

Rb 

^>5 

truimm 

If 

*97 

1 Kuthtmum 

Ku 

ID4 1 

Iron (Fcmim) 

Fe 

5<5 

' \i€hmum 

St 

795 

1 Lanthanum 

1*1 

93 

Sir ICON 

Si 

2 S 

Lfad (Plumbum) 

Pb 

207 

j biiMR (Ai^tnlum) 

Ag 

loS 

lAihmm 

L 

7 

SoDii M (Nitmim) 

Ni 

i 

AUGMbSlVM. 

Mg 

24 

Stronhum - 


^7 5 

MANGANrsr 

Mn 

55 

SULWllR ^ 

s 

S 3 1 

Mlrcury (Ily j 
drargyrum) j j 

1 Hg 

soo 

j Tantalum I 

rilurwm ^ 

1 ir 

1S2 ' 

139 

Mohkaenum 

Mo 

96 

1 IhalhuM f 

11 

2CH 1 

Nicktl 

( Ni 

S 9 

1 Thitinum 

Ih 

* 0 

Niobium • 

1 1 

94 

' Im (Stannum) 

Sn 

JiS 

NiiROGRN * 4 j 


H 1 

I J tamuni 

! 


Oimium 

i 0 % 

199 

Tun^ * n (Wol ) 

w i 

1 IS^ 1 

Oxygen . j 

1 0 I 

16 

fninium) j 

1 PaVadtum • 

Pd 

106 

(ft an turn 

tJ 

120 , 

Phoswiorus ,j 

P 


1 yanadmm 

1 V 

1 51 ' 

Phtinum 

Pt 

197 1 

1} Yttrium J 

1 Y 

t)Z 

PoiASSiUM (Ka 1 ' 

k 1 

Zinc 

/ii 


hum) • 1 

Iv 

[ 39 1 

1 Pir ofitum 

1 

b 9 


(3) Chmud Notation tible it will bt 
seen that opposite to the nam^ of cxch cleuitnt is plictd ]t> 
chemtcttl t)mbol^ wbioh consists of the tirst Icntr of its I afln 
name. Where two or more of these names be^in with the 
sitne letter# a sectmd tetter is added to disiin^jiiisli su<h 
s\mboh ftom each other, s>mboIs foim a simple 

and easy kbd of shcft*thand| by means of wliuh < hemic il 
changes may be clearly and compactly represented 
It IS important to thaj whenever the symbol of 

any element is used, it tepresenta notWrcly the element 
nselC but a dehnite xjiuntity oflibat clement For instance, 
the symbol 0 always sta^s fipt rC parts by weight of 
oxygen , the symbol U aluTays fpr 1 pan by weight 
of hydrogen, and m the Ubic o^osite to the sjmbol of 
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* J4ch element is placed the numDer of part’^ of the elciacnt 
which that symbol represents. To render our ideas precise, 
we will supi^ose that H stands for i gram of hydrogen 
then Cf >viU represent, -not i gram, but j6 grams of oxygen ; 
C will represent 12 grams of carbon ; S 32 grams of sub 
phur, and so on. The reason why thfese particular numbers 
arc appropriated in the table to tbeit corresponding elements 
will be exi)lained hereafter. They constitute a very impor- 
tant series of constants, which, in the case of the more 
important elements, it will be found highly useful to commit 
to memory. These numbers represent what chemists Rave 
termed the afemc weights of the elements. Every element 
is supposed to be made up of excessively small particles or 
atoms exactly of the same size and weight in the same 
body. If the atom of hydrogen be supposed to weigh 1, 
the number opposite to each element in the table refpresents 
the weight of its atom, or smallest partichs, compared with 
that of the atom of hydrogen. ^ 

Compound bodies may also be represented by symbols ; 
and the proportion as weU as the nature of the elements 
concerned is easily expressed by writing the symbols side by 
side ; HCl, for instance, represents hydrochloric acid, a 
compound of hydrogen with chlorine, in which the propor- 
tion of X gram of hydrogen is united with 35*5 grams of 
jhlorine ; lUO indicates water, a compound of hydrogen 
with oxygen, the figure ^ b^low the symbol H multiplies the 
quantity of hydrogen by 2, and represents 2 grams of 
liydrogen combined with 16 grams of oxygen* When two or 
more chemical symbols are thus written side by side, they 
constitute a chmical formula. Whenever the sign -h is 
placed between two formulae, it is employed to show that 
the two bodies he^ve been mixed with each other. I'he 

* Another unit of weijght might hftve been ukeit, such, for inistance, as 
1 grain, or I ounce, pr 1 Uien O would stand Ipi; 16 grains of 

oxygen, i6ottiiees«»roto^,pr xSpounds of oxygen, according as a giain, 
an ounce, or^ pemid or nydrugen was the unit chosen for the cotuparU,»u 
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sign sw, jdoes itqt indicate identitjt or aI)solute equals, biu 
is tunatty employiNl m tjie seaae of the word amt 

when it ciMiaeetk the two halves of ajdusnicalequatiOfi, it 
tepresents tiiAt if die coaipoaAds whidi stand hei^^'k aie 
mixe^ trilh jeach other, with due praeoution, a <4)«fnioa] 
change li^i occur which may be mtireagnted by the amange- 
ment of the sym^mts placed after the s^ ^or inttance,^ 
in the chetmw equation, ' ' 

C*CO, + *Ha - Caa. + H,0 + COt, 

' i 

CaCOg is the cfaeitucal formula for calcic carbonate, of 
which marble is ene<of tite many forms ; and if H re|>resents 
I gram of hydrogen, CaCOj will represent loo grams of 
marble, since Ca stands for 40 grams of calcium, C for t» 
grams of carbon, Og for 3 tunes 16 or 48 gmpis of oxygen, 
making together 100 grama HQ is the dwanioal symbol 
for hydiochlfric acid ; and since H means t gmm of hy- 
drogen, Cl 35‘S grains of chlorine, »HCi will mean twice 
that quantity, or 73 grams of hydrochlottc acid. As soon 
as the hydrochloric acid is pour^ on the marble, a chemical 
(bange occurs; the marble is dissolved, apd an eifeives- 
eoBCe* i$ pNjduced, die result being the poductioa of 
oaliiiC chloride^ CaQt, containing 40 grams of calcium, 
twice gS’,s or 71 grams «f chlorine, making Kjgcther in 
grama of caldc jfiMolnde; H«0, 18'grams of water, con-o 
taining e gtejins itydrogen, ami id gmias of oxygen ; 
while i 0 Ot ftapda for 44 grams of caibonk anhydride 
(dr eavt^ie acid), containing ta grams of omboh trith twice 
id df 3a grams of oxygen, and this hl^ passed off as a gas, 
and produeed dieoftkvescence. 

The whole, may V xefveaented as follows, where the 
figures Mndttob under each symbol tepresent the number of 
grams of ^dh <diement br coronation of elements 

• Aibofiyis U ijtivcs 0jt bttddeiUy with a|> 

&p|)«aNkoce«df ^ 
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oSSJ.. “’W* ^ ^ iSte 

CaC< 5 », ♦ 2HCI - CaCH*, + H .0 + CO, 

^o -H2^i6x 5 2(1 +45 5 )* ♦o* 3 S 5 *» 1*2+16 1 2 + »6 a 2- 

t oo 73 i8 ♦» 

173 '>73 

j^r in wonis : Mix too gtnms of marble w!tb A*6Q{uii<m of 
73 grams of hydrochloric acid : it wIllyietH tit grafts Bfeoicic 
chlonde, 18 grams of water, and 44 of caihonic 
Whenever a chemicai compound ta fmned, tilie a^e 
compound is always found to cOntafh the same*eleinients, 
united in fived and invariable proportions ; too parts of 
niaible always contain 40 Of calcittm, 12 of carbon, and 48 
of oxygen : and in like manner tB pirts, whether gmms, 
pounds, or tons of water, always contain a parts of hydro- 
gen and t6 parte of oxygen, be they grams, pounds, or ton°. 

(4) end ifbums.— »Tbe weights and meamres 

used m thte woiic are those of the metric system, ahich, 
on account of their simplicity and convenience, are now 
(ommonly employed by men of science throi^ont the 
world. This uniformity of usage does away with the watue 
of tune ibnnerly incuited in converting ^e weights and 
measures of one countty into those of their neighboifrs. 
As, however, most persons in this kingdom have been ac- 
o^tomed hrom infancy to a different syofaMn in the tranir 
actions of daily Ufe, it w'.ll be necessaty to explain the 
linnciples of the metiHkal system. If will be needful to bear 
in mind that the nuffi or unit qf lengdit I& equal to 39*37 
English Indies; and consequently that ro centitaetres re- 
present very nearly 4 inches, while a miUunetre is almost 
exactly ^tli of an indt Ihe subdivisions of the metre are 
marked the Latin prefixes dtei, ten, centi, a bu|Hired, Sbi 
ndUh a thousand; so thstt the tiftth td a mebt iohe^eda 
'TMMdira the hundredth of a metre a efntimtre, nvA, the 
thousandth of a metre a mihime/fV. The higber muhiplef 
arc indicated by the GreeTc prefixes dm, ten, Aedti, one 
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hundred, biat one thousand ; but the prefix or multiple 
by one thousand, i$ almost the only one used' in practice. 
For instance, the higher multiple, or looo metres, is called a 
kihmOre, It is used as a measure of distance by roiilt!i, and 
f represents about 1094 yards, 16 kilometres being equal to 
* nearly 10 English miles.* 



♦ The metr^ is a bar of platinum UepesiUd in the archiife* Tranctf, 
and when made it was belie<redl tp reprc«-cnt cxactljr theJfiw^ia^iontU ^mj t 
of a quadrant of a great circle ettCOJnjwsmg the globe of W earth ou 
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The measures of cafmty are connected with those of 
length by making the unit Of cat^atniy in this asrto aTcube 
of on^decimetre, or 3*937 English iimhesj in the Side; this* 
which IS termed a is equal tio 1*7637 imperial pints# or 
to 61*024 cubic inches. 

Finally, the systm of mights is connbeted with txJtSj^the 
preceding systems by taking as hs unit the weight of a cubic 
centimetre of distilled water at 4® C. : it weighs x<« 43 a 
Enghsh grains. The gram^ as this quantity is called,^ is 
further subdivWed into tenths or decigrams^ hundredths or 
cmiigrams^ and thousandths or milligrams^ the milligram 
being equal to about of a grain. 

The higher multiple of rt)po grams constitutes the Hbgram. 
It is the commercial unit of weight, and represents 15,432 
English grains, or ratlicr less than avoirdupois. 

The weight ol 1000 kilograms, or k cubic metre, of water, 
is 0-9842 of a ton, which is sufHdently near to a ton treight 
to allow of its being redconed os one ton in rough calcu- 
lations. 

The temperatures given in this book are expressed 
tlirougbout m degrees of the centigrade thermometer, unless 
otherwise specified. The following is a short; comparative 
table of the two scales, Centigrade and Fahrenheit 
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lOi^gen,' •'|i4lwi^«^,SHii4'' 

; aKf'I^Wn a* 'i^sos ; jn '<»i« or oaSbel^'-a*^ 

teepee cagimm cviwy oabBtiiira eiii^ 

«i4edK^iklf^,iidmplffdr compjc^cL ,.' ' ■ 

5i^'|^lek, «(c^ . 9 ^ %^ cr, ,a ttoel; of .wooi^ 

«a3M«« ^ jiie 

. in. an 

oj^ vesscii yield^te i^t:a^tb<dr 'panid^ sMe 

fiat^y .<mlr each; tJwWselves at ance to 

aitii' unewSBhewe^'. «^|f^e^Hpittoipi'«» sides of the vessel, and 
alwl^ h m an ojxa vessel. ,T!iey 

do not in closed vessels to 

^any exteiit^w^^l^ Gan-j^.fi^% Observation. , 

cmfid)4jc^^ air, yield easily to com- 

pr««iois, '. Ip •vessels, whon the jn-essure upon them -is 
increas^-ii^cin tie seen diat tbqe ate forced into a smaller 
space ;:4hd^en the pressure is lessened'' the space filled by 
' ^•ga%het»mes lai|^ |ie»c<egasiM’^ sometimes spoken 
of tending to increase in 

talk, '««d tb^ alahi^ .fta vessel which con- 

tainsi theni,’ itb tdaiti^;kow iir^iar.m be its shape. t. 

: Jdabyih^jMffccnay be’i^^ asstmje either these three 
s^« al 'pte^re;:.a^ ii^. l^.wly b^waids and for- 
ymdiltcati ^s^^«;qi^d‘^n to t^e' c»h«. for any nuinb«r pf 
tiroesr deg»e .ttf .bettt' to which they 

are-«tppsd^iv'tc^«!^ steam, 'for i«»mp^jB!e.;.,thsi 

same ^emi^. three di%rhcii|;‘^ystca^;.f|^|^S|,' 

and _.&e 'saiae ’'fu^iSfy ^ vimter^ pay' ta K^^:-ia'® ^t(a% - 
a!R|||l^y^d^'b^ agaiiiltaO''W«^..cg4st<i^.i^;as oft&& a^‘ ^ 

, ht^'ta ^^dphio£.^‘1^!^’.^'it'body. 1 ^ 0 ^;}' 

'hot affect chf^ 

sta^ still w<^s.'irgtamtiHbpb!^''w't;i;o4i(^ 
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everjr litre pr otbcr fixed meMure OS e«tch has 4 il^ite 
wet^t, as stay be easily ^/ed by use of ^Q{ter«(iaifm4 
AS die scdid eleea^iniy bodies exo^ optbm have beeb 
thou^ some requiie 'a v«iy iatiqHie tentpembMe* 
Some tt^ metal^ such as platHtttmMidft'NMbf thetnetals 
which aecoinpmy it in its ones, cannofcbe fneteed in ordiaaly 
furnaces ; but the estime heat of thO voUaio ate os the 
electric current pioduced between die poles of die vt^ic 
battery converts all the tnetals mM soei^ jbto.l}quyB but 
even into vapour, and at this eacieB()i»(|$iy'iote»se hem ail 
compounds are separated into their eleanenta dm ptber 
hand, most gases may, by the tmitsd sptkwtiif ct^dwul 
great pressure, be reduce to the liquid llaii ( amoaig thibse 
ore chlorine, sulphurous anhydiklo, eaibonl^sriahyd^ and 
hydrochloric acid ; several of these hhye ala* l^eiMi frosen by 
intense cold into masses like itm Or show. A ftiw gases, 
including ;he elements oxygen, hydrogen, and nitrogen, have 
never been liquefied, though can sfcandy be doubted that 
their liquefaction, and even freezing, would be effected copk! 
we apply a still more intense degree of Cold and pietsore 
combined • > 

(6) Mixture disiinguishtd from ChmMsm^>'~‘V^'heQ once 
a cheinicsd compound has been fimned components can* 
not, as a lule, be sepatnted by merely mechaiuoal toethoda 
piece of martile, as we have Seen (p. 8), consists of three 
elementary bodies — carbon, oxygen, and calcium. It u easy 
to grind the marUe to A pooler tA metreme finenein, but 
every fragment of that powder is still marble, and no one by 
mere grinding could separate the cwbon, the c&ygen, ahd 
the calcium ftom each other. The os^ttdttst minutest par* 
tide of marble which can exist separately is stiU a compound 
substanoe formed of still smaller particles or dUmr, of the 
dements carbon, oxygen, and caJehnu. To aeao^t^^tsb the 
separation of these atoms, wfaidi tqgethm fOttt tht bioleimle 
of marble, we must employ some new polser j And one 
which &e chemot finds his most useful «^y bt such cases it 
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htsat. If the; iwA^ble be heated for ^ time iy;) l:>right redness 
it is deconil>6sed* The carbon with jpart the oxygen is 
driven t>€ “'as a compound gas, and the caidum with the 
rest of the oxygen remains behind in the form of thf: ^solid 
compound, dime. Still, by this means a partial separation 
only of the three elements has l>een effected, two ffew com* 
pounds" having been formed instead of the original one. 

Again, it seldom hapi>ens that by mechanical means alone 
we cab make two bodies unite chemically with each other. 
In making gunpowder, for example^ whicli is a mixture of 
sulphur, charcoal, and nitre, the three substances are first 
ground separately to a fine .powder. They are then mingled 
together, moisteiled with water, and ground for several 
hours under edge stones, in order to mix them as intimately 
as possible: after this they are subjected to intense pres- 
sure, and fin^fliy broken up' into grains. But, notwith- 
standing all this, gtmpbwddr still remains only a mechanical 
mixture of its three compdttents, nitre, charcoal, and sulphur. 
The nitre may be washed out of the mixture by means of 
water; the sulphur maybe dissolved out of -the remainder 
by means <rf carbon disulphide and the charcoal will be left. 
On evaporating the water the. nitre may be recovered un- 
altered; and on allowing the disulphide to voktiUse or 
escape in vapour,. the sulphur will remain behind, fiut the 
mixed materials are ready in gunpowder to act chemically 
Upon each pth^ir; fo.r if a sirnrhi fall upon the powder a 
sudden change occurs,, a flash follow's, and a prompt che- 
mical action takes place, in cohsequence of which a Iwge 
volume of gas is jM-oduced, while the heap of powder is 
converted mto new substances, several of which are gases, 
and none have any resemblance to the original materials. 

Mechanical mixiun^ th^ a|id chemical embimtkn kre 
two very diifeent- tbitigs ; they ought never tpbe confounded 
ivith each other, although the mistake k.qften mude by 
beginners. Whilst in eveiy true chemical compound, the 
proportion of its constituents is i>effectly fisted, in a 
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* mechanical mixture the proportions of» tWfe auhstances of 
which it is made may be altered to any extent that may be , 
desired; besides this, the mixture always preserves proper- 
ties wllich are intennediate between those of its coftipo-' 
nents, A mixtur^ of table salt and sugar, for instance, may 
be maxle grinding the tw0 together, and the quantiq^ of , 
either may be varied at j)leasure. Its flavour will ' par- 
tjike of the saline taste of the one, and of die sweetness of 
the other ; the degree of saltness will vary according as die 
proportion of salt to the sugar is increased or diminished- 
But each particle of saJt'and of sugar, however small, still 
continues a true chemical compound unaffected by the 
other, and in each of ihcn^the quantity of the constituent 
elements is unchanged. , * 

Further, in the case of eveiy true diemical compound, not 
only are the propoi tions of its constituent ele^nents fixed, 
but the properties of the compound, for the » most part, 
differ totally from those of the septate dements which form 
it, as well as from those of the mixture of the two elements 
before they have become chemically united.. The tnitli c£ 
this we shall see as we prQceed, and the first case in which 
we shall have occasion to observe it is in the diemical pro- 
perties of the air, which we shall now examine. 


CHAPTER a 
A. THE NON-METALS. 

ATMpSP^XRrC AIR. OXVGEK— NITROGltN* 

(7) not an iteoun 

on all sides by a viewless substance, the afr, whidi though 
commonly unnoticed, makes itself feH at once in every 
gust of wind which Wows. Every ‘empty’ vessd, as it is 
usudlj'^^lled, I 
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Exp. j. — Tafte a glass bottle and press it whh mouth* 
downwards into a basin of water. The water wifi M fill the 
bottle, for it is already full of air. turn the mouth of the 
bottle upwards, still keeping it under water ; bubbles air will 
escape, and when all the air has thu$ been allowed to pass out 
the ^tde will have become full of water. * 


So lately as a hundred years ago the air wras thought to 
be an clement ; but it may easily be shown that it is ti uly a 
mixture of several cliffeient subsUnce?, some of which are 
sinqple bodies, and others are cliemical 
*• comti^unds. 



Exp. a sboit bit of candle 

to a fiat jnece of cork (Fig. 2). Float it on 
some water in a soup plate; light the 
candle, and place a jar full of air with, its 
mouth downwards over it In a few 
minuter the candle will burn dimly, and 
then w ill go out. 


The air which is left will no longer allow a candle to l)urn 
m it ; it has become altered in its j^rot^erties by the i)urning 
of the canille, and has experienced an important chemical 
change. Other substances besides a burning candle will 
produce chemical changes in the air. 

5. — ^Take a gUss jar 6 or 8 centim. in diameter and 
25 cm. high; moisten it upon the inside, and sprinkle oyer 
the moistened surface a thick layo»* of iron filings ; tlicn place it, 
with its open end downwards, over water in a soup plate, and 
^;et it aside in a ’warm room fur a day or two : the iron filings 
will gradually grow rusty, the bulk of the air in the j.ir i\ill be- 
come lessj and the water will rise slowly until il standb about 
S centim. higher in the jar than it did at first; after this the 
bulk of the enclosed air will not be further lessened. If a flat 
plate of glass be HOW slipped under the Open end of the jar, 
the whole may tthed out of the water ; and on placing it 
mouth upwariisi and then removing the glass plate, and at once 
putting into the jar a lighted taper fastened to a wire, as shown 
in Fig. 3, the taper wilkpinmedialely cease to burn. 
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The iron in rusting has taken away something from the 
air which enabled the taper to burn in it; and tlmt some- 
thing is the elementary gas called 
oxygen* The remaindef of the air Fig. 5, 

in whicli the taper will not burn 
consists chiehy of another gaseous 
element, called nitrogen. 

The candle in burning, Exp. 4, 
also took oxygen from tlie air, and it 
went out as soon as it had taken up 
a certain quantity of the oxygen con- 
tained in the air enclosed by the jar. 

Other metals besides iron may be 
used to remove oxygen from the air, 
particularly if they are heated with 
it If mercury be used for the 
purpose, it will not only remove 
the oxygen, but it may be afterwards made to give it up again 
in a separate form. 



Exp, 6. — This experiment 
requires some days to com- 
plete it, but it is very in- 
structive, and may be made 
in the following manner : — 
Into a dry flask provided 
with a neck 50 centlm. or 
more in length introduce 
about 40 grams of clean 
mercury ; then bend the 
neck of the .flask twice 
upon itself, into the form 
shown in Fig. 4, and plunge 
the bend into a small Wedg- 
wood-v;are mortar, contain- 
ing mercury, so as to leave 
the open end of the neck 


Fig. 4. 



projecting above the surface of the metaS into a jar containing 


C 




of a lamp 

to at a 

|)oiiiit jiit^t to p&c^dxy to make it ii^, scales will 
the feuiface of the ^ercory ii ^the flask ; 
auLfl these scaks.a^r a time uriE no l<»iger increase iii '^usa^ty. 
If the lampt te Aeri trrtiidrawii, and the whole aflow^ t6 ^cooj, 
the WlK of the ait will ^ found to have become considerably 
ka$. has acted chemically on the air both 

of\^e flask and of the jar, owing to the itw f^ssage of both 
pottioi^ through the neck. 

The gas wfifch is left consists almost ehlfre^y of niliogenw 
Oa adding mercury' till the height outside and inside the 
jar is the same, and then withdrawing the stopper and m- 
trbducing a lighted taper, supported on a wire handle, it will 
be put out, A mouse or other small animal wouW also soon 
die if plunged into it llie oxygen is the portion of the air 
nedessaiy to support the life of animals. If one or two 
grams of the red scales formed by tjius heading marcury in 
air be placed in a test tube, they nmy be made to give up 
the oxygen again by heating them stiU mdre Strongly, 

7.*r~Fit a good cork to fhe mouth of the tube ; then with- 
draw the cork, and with a round flle bore a ho^e through it, just 

large enough to 
5* * admit a narrow 


; , lamp whlto the 

open end ^the nwowt^ibe is dipped of 

gas Will soon begin to cdmie off, .Next two or thto^^trow jars 
Or wide test tubes with waler ; d^e th^wlth'^lieflp^, arid in- 
vat them in the basih ; colled flie bubbles of ^^'s4n to : 

as they escape from the narrow tube* <; Thetol fiBed 

chiefly with the air or^mafly 'la aiho he 

thrbvvn away ; but if;lgtQ'One'’df widb 
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tii^e gas, a spUnter of wood on ihe end of whkj is a 
* spark be plunged, the wood will burst into a flaihfe 

The mercury used in the flask, Fig. 4, has iii fact sepa^ 
rated the •atmospheric air Into two portions, one of which, 
the nitrogen, will not allow a candle to bum in it, andii 
left unacted upon by the metal ; while the portion which is 
active in supporting flame has combined with the mercury, 
and converted it into the red scales, these scales 

are heated more strongly, they become separated into 
metallic mercuiy, and into the gas which, as we have seen, is 
highly fitted both for the support of life anti for the bunting 
of such bodies as may be kindleti in the open air. This gas 
is called oxj>%w (the ‘ acid producer*), because it forms a 
needful part of many acid bodies. 

A fixed weight of mercury will always unite with a fixed 
quantity of oxygen. For instance, 400 grams of mercury 
will combine with exactly 32 grams of oxygen, and will form 
432 grams of the red oxide. If, again, 432 grams of these 
red scales of mercuric oxide be decomposed by heat, and 
proper care be taken to collect the whole of what is given 
off, 400 grams of liquid metallic mercury would be found, 
and 32 grams, or about 22*4 litres, pf gaseous oxygen. 
These changes may be represented in symbols as follows } 
the quantities of each substance are written beneath 

Mercuric Oxide Mercuiy Oxygen 

2Hg 6 « •2Hg + O* 

2(200+16) 2X200 16x3 

(8) Oxygen: Symbol^ 0 ; Aiomk WdgM^ 16; Atomic 
Volume^ n ; Specific Gravity^ 1-10563 ; Relati ve Weig hty 
Molecuidr IVeigbt^ Oz, 32; Molecular Volume^ | ! | .t 

Exp. 8. — There are oflier means of obtaining oxygen : one of 
the best is by heating potassiq chlorate (KCIO3). This salt may 

* See page 30. 

t See the chapter on the Atomic Theory for im explanation of these 
terms. , & 
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be mixed with about its own weight of black mai^ganese oxide 
in fine powder. This oxide should be first made red hot in a 
covered clay crucible, and allowed to cool; it should then be 
ground up in a clean mortar with the chlorate. The ijianganese 
oxide enables the oxygen to pass off from the chlorate at a much 
lower heat than is needed ^ the salt is heated alonei'although 
the oxide itself undergoes no permanent change. 30 or 40 
grains of this mixture may be put into a clean and dry Florence 
oil .fiask, provided vnth. a good cork, through which is passed a 
tolerably wide bent glass tube. The flask is to be placed with 
the end of the tube dipping under the water in the pneumatic 
trough^ Fig. 6. If the mixture in the flask is heated over a lamp, 
gas comes off freely, and may be collected in jars placed for its 
reception. 

Fig. 6. 



A pneumatic trough for experiments upon gases may be 
easily made out of a small tub or pan, which is to he nearly 
filled with water. A shelf must be fixed at one end, so 
as to be 3 or 4 centim, below the surface of Ae water, or 
the glass jar may even be supported on a brick; 3 or 4 
jars, each holding about a litre, may be used to receive the 
gas. They should be open below, and due or two may be 
provided with a gttts stopper ground to fit the neck. They 
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may be filled with water in the trough, and placed yrfth the 
bottom downwards on the shelf. , As they become filled one 
after another with the gas, they, can be removed by sliding a 
plate undir each, while the mouth is still under water, and 
then lifting the plate and jar together out of the trough. 

Though the potassic chlorate is more easily decomposed 
when mixed with manganese oxide than when heated alone^ 
the pure salt may be made to give off oxygen by heating it 
more strongly by itselfi 

Exp. 9. — Place about a gram of the salt in a t^t tube, 
and heat it over a spirit lamp. The chlorate spaps and 
flies to pieces, or decrepiiateSy when first heated. It then 
melts and forms a clear liquid, which, when heated more 
strongly, gives off bubbles of pure oxygen gas. The mass gra- 
dually becomes white and opaque, and ceases to give off oxygen, 
leaving a white residue, consisting of chlorine and potassium 
only, and known as potassic chloride. The gas at first often 
looks cloudy, owing to little particles of the salt which are 
carried over suspended in it in fine powder, but these gradually 
become dissolved in the water. 

245 grams of the chlorate would give off: 96 grams of 
oxygen, or about 67*2 litres of the gas. The change may 
be thus represented : — 

Potusic Chlorat. PotUMC Chloiid. 

sK a- o, - 2K a + 30, 

2(39 + 3S‘S + >6>‘3) • 2(39 + 3S'S) 6xi6 

- - V. mJ 

1 49 9 6 

245 

If the mineral known as black manganese oxide (MnO^) 
be made red hot, oxygen may also be obtained from it; but 
only one-third of its dXygen is thus driven off, or about one- 
ninth of the weight of the mineral if pure. The ore of 
manganese, however, always contains impurities, which cause 
the oxygen gas to be mixed with more or less of other gases. 
The black oxide when heated becomes ^^nverted, with loss 
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of oxygen, into a reddish-brown oxide of manganese: 26i» 
grams of pure black oxide woald yield 32 grams of oxygen. 
or 22’4 litres of gas. ^ 

. Black Qai4e < , Red Oaide Onc^/^en 

3‘Mn 0 » ■» Mipij O4 + b* 

3(55 + 16x2) 5 5 X 3 -h 16 X 4 16x2 

261 229 33 

261 

JO. — Procure a gaspipe or an iron tube 3 or 4 centim, in 
diameter, 40 or .50 cm. long, closed at one end, and provided at 
the other with a cork, through which is passed a long piece of 
pewter or copper tubing ; place 50 or roo grams of the oxide in 
small lumps in the tube, and make the closed end of the iron tube 
red hot : gas will be driven off, and may be collected over water. 

Red lead, nitre, and several other substances, also give off 
oxygen, more or less pure, when heated ; but either potassic 
chlorate, or manganese oxide, or the mixture of both, is the 
substance from which it is usually and most easily obtained. 

Oxygen is a clear, transparent, colouiiess gas, which has 
never been liquefied by cold or pressure ; it has no smell or 
taste. No other gas can be used instead of oxygen for the 
support of respiration in man and animals ; but it cannot be 
safely breathed in a pure state for any length of time, as it 
would^ over-excite the bodily frame. The nitrogen , with 
which it is mixed in the air is needed to dilute it, so that 
it may be respired with safety. Oxygen is attracted by a 
magnet like iron. 

Oxygen is remarkable for its great chemical activity. It 
will combine with each of the elementary bodies, with the 
single exception of fluorine. Substances which will bum 
in air bum in oxygen with much greater energy, as may be 
further shown by the following experiments :— *• 

ir.— Fasten a piece of barky charcoal to. a stout wire ; 
pass the wire through a small flat board or . a piece of tinplate. 
Kindle the charcp^^>y holding it in a flame | then hang it in a 
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jar of oxygen. It will hum awsiy ra^dly, with' a steady glpw, 
throwing out sparks, or sei^/Zations^ md will, produce a new 
colourless gas, called cart^Uic aidiydride, or carbonic acid 

(Co,). • . . V 

|2*^Place a little suljMr in a stuall copper spoon on 
the enS of a wire, called a defl^^^ting spoon ; heat it in the flame 
of a spirit lamp till it takes Are, and suspend it in like mann^ in 
another jar of oxygen. The sulphur will burn with a lilac fl^e, 
and on uniting with the gas will form an invisTible substance with 
a pungent odour, called sulphurous anhydride (Sp^). 

JEjtp. 13. — Cut off a piece of phosphorus of about the 
a pea from a stick of phosphorus under water.* Dry' it 
fully on a bit of blotting-paper, and put it into a copper spoon, 
also suspended from a wire. JTouch it with a hot wire : it will 
take fire. Plunge it nt once into oxygen : it will bum with 
dazzling brilliancy, and form white fumes of phosphoric 
anhydride (PaOj). 

Many substances which will scarcely bum in air defle^ate^ 
or burn with violence, in oxygen : — 

Exp. 14, — Heat a piece of watch-spring red hot for a few 
moments in the fire ; let it cool, and then twist it into a 'spiral. 
Heat one end slightly, and dip it into a little powdered 
sulphur, and pass the other end through a cork. Set fire 
to the sulphur, and immediately plunge it into a jar of oxygen, 
supporting it in the neck of the jar by the cork. The 
burning sulphur will set fire to the steel, which will bum with 
g?eat splendour, while drops of melted oxide of iron (Fe304) will 
run down and fall upon the pfate below. 

Exp. 15. — Zinc foil cut into the form of a tassel, if it be 
tipped with sulphur to enable it to take fire, may be kindled and 
will bum in oxygen with a dazzling white light, forming zinc 
oxide (ZnO). 

Exp.. 16. — Place a piece of potassium f of the size of a pea in 

* Phosphorus is extremely inflammable ; it miist always be kept under 
water, and should not be liandled with the warm hand except under 
water. 1 , . > , 

t Potassium is the metal contained in pe^rl'-ash ; it must always he 
kt^ under naphtha, and must not be touched with the fingers, or with 
anything that is wet ' ® 
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a copper spoon f heat it in the flame of a spirit lamp till it be- 
gins to glow; then introduce it into a jar of oxygen. It will 
bum, and a quantity of whke solid pot^h (K^O!) will be formed 
in the spoon by the union of oxygen with the potassiumc^ 

The compounds which oxygen forms with oth^r eluents 
are called oxides^ and the act of combination of any sutiiltance 
with oxygen is called oxidation. The experiments above 
described are instances of this process, and in each case a 
compound is produced entirely different in properties both 
from the oxygen and from the body burned.' 

{9) ComhusHon , — ^Whenever any rapid chemical action 
takes place, attended ^th great heat and light, combustion is 
said to occur. In order to start the process, it is generally 
necessary to heat the body; afterwards the heat given out by 
the chemical change produced is more than enough to carry 
it on, and the combination goes forward w'ith increasing 
vigour until it is completed. 

Bodies which are burned, and which disappear from sight 
— as when coal or charcoal is consumed in the fire — are in 
no case actually destroyed. They are only altered'in form. 
A candle, for example, in burning seems to be completely 
consumed, but the materials of which it consisted are not 
destroyed. This most important fact may be proved as 
follows : — 

Exp. ly. — ^Take a glass tube 30 or 40 centim. long and 4 cm- 
in diameter. Thrust a piece of vsre gause half-Way down the 
tube, and fill the upper half with fragments of caustic soda 
(Fig. 7). To the lower end of the tube a fit a cork pierced with 
three or four holes for the admission of air, and fasten to it a 
short piece of wax taper. To the other end of the tube fit a cork 
through which a short tube of about 8 millimetres ift diameter is 
passed. Now weigh the tube and its contents. By means of a 
piece of india-rubber tubing, join the shorf' tube at the top with 
a closed jar filled with water, which is to act as an aspirator. 
This is easily made fmm a tinplate 9-litre (S^gallon) oH can b, 
into the side of which, . near the bottom, a small cock is soldered. 
Open the stop-cock.ia^ the bottom of the closed jar, and let 
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^thc water ,flow. The water cannot tun out at the «top-cock 
unless air takes its place ; and sincse asp^j^tor is connected 
by the caoutchouc tubing with the glass tube, which is open 
freely t(^the c^ter air at the bo^m, a current of air is esta- 
blis&d through the wide tube. Now withdraw the cork at the 
botto^, light tlte taper, and immediately put it back into the 


Fig. 7- 



tube. In three or four minutes^ time close the stop-cock : the 
taper will at once go out. When the apparatus is cold, slip 
off the caoutchouc connecting tube, and weigh the wide glass 
iiite. It will be found to ^^ave gained in weight by several 
decigrams. 

The candle in burning combines with a portion of oxygen 
from tlie air, forming water and carbonic anhydride. These 
are both abi^orbed as they pass over the caustic soda, and 
hence, though the taper itself looks smaUer, and has really 
lost in weight, the ohemical products obtained weigh mote 
than the taper originally did. 

Whether a body be burned quickly m slowly, the quantity 
of heat which a given weight of it, say, gram, gives out in 
burning is perfectly fixed, and depeU(^%pon the nature of 
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the burning body. Nevertheless, the more the oxygen is 
diluted by mixture m&L a gas whidi does, not act chemi- 
. cally upon it, such as nftrc^en, the lower is -the apparent 
temi)eratttre whi<*tB ,. produced at the me^nt1b||^n#us- 
tion; because not oriy are fewer partied ct ^^tyg^ in 
contact with the burning body, but at the same tiw the 
diluting gas canies off part of the heat, since it has its own 
temperature raised without contributing to the chemical 
action. And hence, when a body is burned in air, it seems 
to give out much less heat than when burned in oxygen, and 
it burns much more slowly. But when we blow a fire with 
the bellows, or cause a powerful draught of air up the 
chimney, we quicken the combustion and raise the heat 
because we thus bring a larger number of particles of 
oxygen into contact with the fuel in a given time ; and 
by the same operation we carry off the gases formed by 
combustion, which are unable to combine' with the burning 
I)ody, and would prevent its contact with fresh particles of 
the oxygen of the air. That this is so may be seen by the 
check to the fire and the reduced consumption of fuel 
caused by closing the damper or shutting the ashpit door of 
a furnace. 

Oxygen is the most impoitant and also the most abundant 
of the elements. We have alteady seen (Exp. 5), that it 
forms a little more than a fifth of the bulk of the air;^t 
also constitutes eight-ninths of fhe entire weight of water ; 
while clay, limestone, and siliceous sand contain about half 
their weight of it Oxygen is also found largely in various 
other common substances not of mineral origin, such as 
sugar, starch, and woody fibre, which contaia about half 
their weight of it; and many bodies derived from animals, 
such as muscular tissue, lecher, and •horn, contain it in 
large proportion. j 

Oxygen may be up with water without experiencing 

any sensible changejl.bulk, for it is only slightly soluble in 
that liquid, 100 cub^fetim. of it, at 15® C., dissolving about 
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3 c, c. of the gas ; but this solubility^ slight as it may appear, is 
essential to the existence of living ammals^ for it is only in the 
dissolved state*^that tte ^ finds its way into the blood, and 
efiifct*|^'ch«j^cal changes m the .bddy necessary to life, 
bo^ in al^mals and in which live in waten 
A ^ution-of potash may also be shaken up with oxygen with- 
out sensibly dissolving it ; but if pyrogaUic acid be added 
to the potash solution, the oxygen is rapidly absorbed, and 
the liquid turns brown. 

a 

Exp. 1 8. — Pass a few bubbles of oxygen into a strong tube, 
graduated to divisions of o*s c. c. each, filled with mercury, and 
placed in a deep glass full of mercury (Fig. S). Introduce a 
solution of potash (i part of solid potash in 4 of water) by means 
of a pipette with a point 
curved upwards, blowing into 
the pipette with sufficient 
force to drive over 8 or 10 
drops of the solution. Agitate 
this liquid briskly with the gas 
by thrufthig the tube down 
quickly into the mercury, and 
raising it to its former level 
several times. The oxygen 
will not alter in volume. N ow, 
with a fresh pipette, intro- 
flu ce an equal quantity of a 
solution of pyrogallic acki 
(1 part of acid and 6 of 
water). Again agitate the mix- 
ture. It becomes intensely 
brown, and the whole of the 
gas will disappear if pure. 

If a measured quantity of 
air be t^en, it is easy in 
a few minutes to ascertain roughly proportion of oxygen 
present by the absorption effected way, because the 

nitrogen is Irft unchanged, and vaz.%^ measured after, the 
absorption of oxygen is over. 
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Oxygen is a little heavier than atmospheric afc A 
measure of air which weighs x gram would^ if 611 ed with 
oxygen at the same temperature, and when the baro- 
meter stands at the same height, weigh i* 1056 gram /anft a 
measme of hydrogen which weighs 1 grim would, igien 
filled with oxygen, weigh exactly 16 grams : $0 that ox^en 
is precisely 16 times as heavy as hydrogen. 

(10) MeasurtmenS Gases under Standard Conditions . — 
It is necessaiy when comparing the weights 'of gases with 
each other to attend carefully to the temperature. A quan- 
tity of any gas which at o®C. exactly fills x litre expands so 
rapidly when heated, that at 273^0. it would become dilated 
to 2 litres. A quantity of any gas which at o® ‘C. measures 
just I litre would, if heated^o 100® C. (the temperature of 
boiling water), become expanded to 1-366 litre. It is now 
customary to compare gases at the standard temperature of 
o®C.; or, if they are not actually at this temperature, to re- 
duce the results to this point by calculation. For instance, 
if V be tlie volume of any gas measured at the temperature / 
in Centigrade degrees, and Kbe the bulk of the sarrie gas -at 
o® C., then — 

r== fllX. 

It is equally important to compare gases at a fixed baro- 
metric pressure. At the level of the sea, the average weighs 
of a column of air winch reaches to* the top of the atmosphere 
will exactly balance a column of mercury 760 millimetres 
high, and at o® C But at the top of a mountain of a little 
more than 5*5 kilometres or nearly 3-4 miles high, the weight 
of a column of air reaching to the top of the atmosphere 
would only be able to balance a column of mercury of half 
this height, or 380 mm. And a quantity of air at the bottom 
of the mountain whidrtoesUhares 1 litre while the barometer 
stands at 760 mm. wotjfe,' if carried to the top of the moun- 
tain, expand to 2 litres. , But it is not necessaiy to take the 
air to the top of the mountain in order to observe this fact ; 
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for if the pressute upon the gas be any bthct $aUsible 
means lessened to one-hsdf, the/air will, immediately become 
doubled in bulk. If, on die han^ the pirlssure he 
doabl0d, ,the ah will become rteducM in bulk to one^haUi 
in fact, djfccupy a nspace inversely as the pressure lo 
wlJii they are subjected ; and, in order to avoid inaccuiacy 
in measuring them, they are always compared by cakulatii:^ 
them as if subjected to a fixed or standard pressure of a 
column of mercury at o® C. of 760 mm. high. 

Suppose V to be the observed volume (aftd^ it has b^n 
corrected, if necessary, for temperature),/ the pressure at 
the time of observation, measured by the height of the mer* 
curial column in the barometer in millimetres, and F die 
volume corrected to the pressure of 760 mm. of mercury, 
. then — 

V =s 

760* 

In taking the specific gravity of gases, it has been the 
practice to compare them with an equal bulk of dry air as 
the stadidard. When, for instance, it is said that the specific 
gravity of oxygen is 1*10563, die expression means diat if 
a vessel which holds a certain volume of dry air which 
weighs exactly i gram,/ were filled with dry oxygen gas, 
at the same temperature and pressure, the weight of this 
oxygen would be 1*10563 gram; the same bulk of dry 
hydrogen would be only V691 gram, and the specific gravity 
of hydrogen is said to be *0691. 

This practice of comparing gases with air is both cus- 
tomary and convenient; but it has been objected to on tSie 
ground that air is a mixture, and not a true chemical com- 
pound. Now the proportions pf .the substances in a mixture 
are liable to variation^ whil^ tfipse of a chemical compound 
are invariable. Fortunately for the accuracy of the data 
founded on comparison with the lir ISfe a standard, the pro- 
portions of the oxygen and nitrogen in the air do not vary 
practically to any important amount, but the objection in 
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principle remaifl5. Hence it has of late yeais becopie the 
custom further to compare tiie weights of gases and vapours 
with the weight of m equal volume of some elementary 
body ; and the elanent selected for tlie purposely hy<)rQ^n, 
the lightest of all known, substances. iesUlt 
comparison with hydrogen will hereafter be spoken of AHiie 
relative weight of a gas or vapour. Suppose that, for the 
purpose of this comparison, we take a vessel whiqh would hold 
i; gram of h3rdrogen at o® C. and 760 mm, barometer ; the 
capacity of stich a vessel would be 1 1 *19 litres. This measure, 
when filled with oxygen under similar circumstances, would 
contain 16 grams of oxygen; and if filled with nitrogen, it 
woukl contain 14 grams of nitrogen. Hence, if the weight of 
such a bulk of hydrogen be cabled 1, the relative weight of oxy- 
gen wnll be 16, the relative weight of nitrogen 14, and so ou 
(ii) Acids ^ Bases ^ and Salts, — ^The compounds formed by 
the union of oxygen with the other elements differ from each 
other very much in properties ; but among them are two im- 
portant classes of oxides, chemically opposed to each other, 
one commonly, but erroneously, known ,^as acids, thfe other 
as bases. Everyone is familiar with the sourness of viiiegar 
or of a lemon, which in both cases is due to the presence of 
a substance known in chemical language as an acid. The 
acetic acid gives the sour taste to vinegar ; the citric acid is 
the substance wliich gives the sharp flavour to the lemon^ 
There are many other well-known ^substances, like sulphuric, 
nitric, and phosphoric acids, which when diluted sufficiently 
to prevent them from injuring the surface of the tongue, pos- 
sess a sour taste ; and all belong to the class of ac^s. 

Again, most persons^ acquainted with the nauseous 
taste of soda, and with tl^ peculiar soapy feeling which it 
occasions when rubbed upon^l^o skin : this is due to what 
is called the alkaline of soda, a property in which 

it resembles potash^v|m^a few other substances. The 
alkalies are soluble in ikter, and form one class of a numerous 
group of chemical agents, known unda^ the name of bases. 
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Many elemeutaiy substances, like sulphur and phosphorus, 
by their tpuabination with oxygen, furnish compounds which 
are freely soluble in water, have sour, and often a 
burnings taste; they also^ turn many vegetable blue colours, ‘ 
such j^ the blue 'pf an infusion of Jitmus,* or of purple 
cahM^, to a bright red. Such oxides are called anAj^dri^ 
(wh^ means bodies free from hydrogen) to distinguish 
them from the^ bodies these same oxides ftraish when they 
are acted upon by water, which all contain hydrogen, and^ 
belong to the class of adds. All the non-metallic elements,,, 
except hydrogen and fluorine, fonn w'ith oxygen one or 
more compounds, which, when dissolved in water, produce 
acids, and often intensely powerful acids. Many of the 
metals, on the other hand, by thcar luiion with oxygen, give 
rise to bodies of an opposite kind, which have been termed^ 
dascs. For instance, the w hite alkaline substance formed by 
burning ix)tassium in oxygen is dissolved rapidly by water ; 
it produces a colourless liquid, of a soapy, disagreeable taste, 
and a peculiar lixivial smell. It corrodes the skin, dissolves 
oil-paint, restores the blue colour to litmus which has been 
reddened by an acid, and neutralises the strongest acids. This 
jjower whicJi acids and bases have of reacting upon each other, 
and destroying the fchemical activity which each has when 
separate, is the most marked feature of these tw^o classes of 
siibstances. The compounds produced by their action upon 

■* Paper tinged blue with a watery or spirituous infusion of litmua (a 
colouring matter obtained from certain lichens) is in constant use for 
showing the presence of an acid in a liquid, as it immediately becomes 
redden^ by the action of even very small quantities of an add when 
uncombined with a base. The same paper, if ildntly reddened by means 
of vinegar or any other acid, is equafly valuable as a test for an alkali, 
which a present uncombined wim adda.^wmediately restores the blue 
colour. The alkalies also turn paper tii^d yellow with the colouring 
matter of turmeric or rhtfbarb to a reddish-brown hue. 

A test in chemistty simply means a m^od.,of trial, and solutions 
or papers, are solutions or papers the purpose of trying 

whether certain substances are present or^^^p||.^cording as the solu- 
tion or paper does or does not undergo a particiuifr change^ which would 
be profluced if flic body sou^t Cor were tliere. 
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each oth;er constitute what are called salts, imd, when 
freed from the wato in which they are dissolved, may often 
be obtained in cr3rstals. 

Ejcffi, 19.-r.Cut a red cabbage into slices^ and bcffli it with 
water .; strain off the purplish liquid thus obUined. To asi^rtion 
of this decoction add a little soludon of caustic potash : i|»^een 
liquid Will be produced. To another portion of the cubage 
liquor add a few drops of sulphuric acid : the solution will 
become red. Pour the red acid liquor into the green alkaline 
solution, and stir the mixture : the red colour at first disappears, 
and the whole remains green; but on continuing to add the red 
liquid cautiously, a point is reached at which the liquid assumes 
a clear blue colour. There is then no excess either of acid or of 
alkali in the solution ; and on evaporating^ the liquid a neutral 
salt, ^otassie sulphate, formed by die action of the acid upon the 
alk^i, may be obtained in the form of crystals.* 

Here it is necessary to remark that the same element often 
forms more than one oxide which when dissolved in water, 
furnishes an acid. When this is the case, the oxide which 
contains the largest quantity of oxygen is designfited by a 
name ending in.fr, while the compound w\th the smaller 
proportion of oxygen is made to end in ous. Sulphur, for 
example, furnishes both sulphuric acid (H4SO4) and sulphur- 
ous acid (H;fS03) j and both these acids form salts when acted 
upon by bases. The salts of acids ending in fr are indicated 
hy names which end in ate, while the salts of acids in hus 
have names ending in ite. For instance, "the salts of sul- 
phuric acid are called sulphate ; of nitric acid, nitrates ; of 

phosphoric acid, phosphates; while those of sulphurous 

* 

» * The change may beljqittsscd in ^mboJs in tliis manner:^ 

Sulphuric Acid Caustic Petasric Sulphate Water 

H^so* + 2 km i;,so4 4 2 H,o 

2xi + 32 + i$x4 2{39+i + t6) 2)c39 + 32t x6a 4 2(1x2 + 16) 

from which, by refere^^id the table of atomic weights (page 5), it 
may be seen that 9S gflm of pure sulphuric acid, with ira grains of 
caustic potash, would form 174 grams pf a neutral salt, and would set 
free 36 grams of water. - 
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acid are called sulphites ; those of nilious acid, nitrites ; and 
of phosphorous acid, phosphites. 

The acids are not all spluble in water ; and the insoluble 
acids have no sour taste. In like manner bases exist, such as 
zinc ofide and ferric oxide, which are not soluble in water, 
and then they neither corrode the skin nor exert any sensible 
effect upon coloured tests ; but they are capable of reacting 
chemically with acids, and forming salts. 

20. — Add zme oxide to diluted sulphuric acid and stir ' 
the two together ; it will be readily dissolved, and, on evaporat- 
ing the liquid, a true salt, zinc sulphate, may be obtained in 
needle-sliapcd crystals : — 

Siilph. Acid Zinc Ox.ide Zme Sulphate Water 

HaS04 + ZnO « ZnS04 + H.O 

Sometimes the same metal, when combined with different 
quantities of oxygen, furnishes two different bases, or bodies 
capable of neutralising acids more or less completely. Iron, 
for instance, furnishes /erne oxide (FeaO,) and ferrous oxide 
(FeO) ; mercury also gives mercuric oxide (HgO) and mer- 
curous oxide (HgjO). The base to which the name ending in 
ic is given always contains the larger proportion of oxygen. 
A compound formed by the action of ferrous oxide on sul- 
phuric acid would be called ferrous su/phate\ while that 
funfished by the action of ferric oxide on sulphuric acid 
would be known as ferric sulptate. 

Besides the oxides which furnish acids and bases, there is 
a third set of oxides, which is neither acid nor basic, and is 
not dis*posed to enter into combination with either class,. 
Black manganese oxide (MnO^; or, as would be better, by 
doubling the molecular formula, MnO, Mn03), magnetic 
iron oxide (FcO, Fe2CJ3), and red lead (zPbO, Pb02), afford 
instances of this kind. Such oxides appear generally to be 
formed by the union of two different oxides of the same 
metal with each other, and are analogous to salts. Indeed, 
the union of an anhydride with an anhydrous (or water free) 

D 
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basic oxide furnishes a true salt; for in^OEince, sulphuric an- 
hydride (SO3), by uniting with cupric oxide (CuO), furnishes 
cupric sulphate (CuOjSOa, or CUSO4, as it is usually written) ; 
but in such cases no separation of water occurs. 

(12) Ozone . — Oxygen in its usual form has no Sensible 
smell, but it may be obtained in a more active condition, 
and then it has a very peculiar odour. This smell is per- 
ceived whenever an electrical machine is put in action in the 
air, and more or less ozone (as it has been called from the 
Greek I smell) is immediately produced. It is also 
formed whenever water is decomposed between platinum 
plates by tlie voltaic battery (p. 44). A special form of 
apparatus has been contrived for electrifying a current of 
air, so as to change pait of its oxygen into ozone. Ozone 
may also be obtained by chemical means. 

Exp. 21. — Scrape off the white coating of a stick of phospho- 
rus under water, and cut the cleansed phosphorus into pieces 
T2 or 15 milhm. long. Place one of these pieces m a wide- 
mouthed line bottle full of air, with about a tcaspoonful of water 
at the bottom. Close the mouth of the bottle with a glass 
plate, and expose the whole for half an hour to a temperature of 
15® or 20® C. Then invert tlie neck of the bottle in water, and 
allow the phosphoius to fall out Replace the glass plate, and 
withdraw the bottle and its coni'^nts from the water. The 
phosphorus in this experiment undergoes a slow oxidalion, 
during a little ozone is formed, and is left mixed with the 
air; b# ^ ozone will be again destroyed if it is left too long 
with the phdsphortfs. 

The most delicate test of ozone is potassic iodide (KI), 
from which it immedi^y sets iodine free, which can in- 
stantly be detected by Its action on starch. 

Exp. 22 . — Boil a gram of starch in )[o grams of water, so as 
to produce a thin mupilage, and add o-i gram of potassic iodide 
to the mixture. Brush a little of this solution over a slip of 
dean writing-paper, and plunge the paper ii^to one of the jars in 
which the phosphorus has been acting on the air. An imme- 
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diate blue stain is produced, owing to the action first of the 
ozone upon the iodide, and then of the free iodine upon the 
starch. Paper may be prepared beforehand with this starch 
paste and^odide, and dried \ in which form it may be kept in a 
bottle ti]l wanted. 

The ozone displaces iodine from the iodide, though ordi- 
nary oxygen will not do so. 

The slow oxidation of ether, of oil of turpentine, and of 
many other buhstances, is attended with the formation of 
small quantities of ozone ; and most plants, when growing in 
the sunshine, give it out m excessively small quantities. 
Traces of ozone are probably present usually in the air, but 
the proportion varies. If a piece of the dry iodized paper 
be exposed for five minutes in tlie open air of the country, it 
acquires a bluish tint, the strength of which var.es on dif- 
ferent days, according as the quantity of ozone in the air is 
gi eater or less. Sometimes, m damp or foggy weather, no 
such change occurs, and it is scarcely ever observed in the 
air of large towns. The effect is most marked on the sea 
coast, and when the wind blows off the sea. It is not im- 
probable that these minute quantities of ozone exert an 
important purifying effect upon the atmosphere by destroying 
and oxidising animal effluvia, which would othenvise in- 
crease in quantity until they produced disease. The ozone 
is abj»orbed by these offensive bodies, which it converts into 
harmless compounds. • 

Ozone is not soluble in water, but it at once corrodes 
caoutchouc, cork, and many other oiganic matters. It pro- 
duces a Reeling of irritation in the lungs when air strongly 
charged with it is breathed. It immediately oxidizes the 
t ommon metals, as well as mercuijilji. when dry, and even 
silver, if it be moist H is instantly changed into common 
oxygen, if passed over manganese oxide, on which, however, 
It produces no permanent effect. Severid' other bodies also 
on which it exerts no sensible action change it into common 
Oxygen ; and if it be heated to a temperature not greater 

j> a 
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than that of boiling water^ a similar change occurs. Ozone 
is much denser than oxygen gas : probably three measures 
of oxygen furnish by condensation two measuresjof ozone, 
Tlie exact amount of condensation, however, is not certain, 
because ozone has never been obtained free from admixtuie 
with a very large proportion either of air or of oxygen. 

Ozone has a powerful bleaching action. It has been 
attempted to make ozone by electric action on the air, dnd 
to use the product as a bleaching agent 

Exp. 23. — ^Take a bottle of air which has been ozonised by 
means of phosphorus, and add to it a few drops of a very dilute 
blue solution, formed by dissolving powdered indigo in strong 
sulphuric acid, and then diluting it with water. If the blue 
liquid is shaken up with the ozonised air, the colour quickly dis- 
appears. 

The mode in which elcctiicity and phosphorus, and other 
agents, act upon oxygen and convert it into ozone is not 
understood. 

(13) Nitrogen: Symbol'^) Atcmic Wt 14; Atomic 
VoL ; Sp. Gr. 0*971 ; Eel ITl 14; Afol Wt. N2, 28 ; 
Mol voi 

The most abundant constituent of the atmosphere, nitro- 
gen (the ‘ generator of nitre,* so called because it is an es- 
sential component in nitre) \s also sometimes called ftzote^ 
because it is unfit to support life. 

The easiest methods of obtaining nitrogen are founded 
upon the removal of oxygen from the air. One of these, 
the exposure of moistened iron filings to air contained in a 
jar over water, has been already described (Exp. 4). 

E:Kp. 24. — Support a stick of phosphorus upon a wire above 
the surface of a dish of water, and place a jar of air over it. The 
phosphorus will, without the aid of heat, gradually remove the 
oxygen from the air, forming phosphorous anhydride (PaOO^ 
^ whidi will be dissolved by the water, and in a day or two the 
gas which is left will be nitrogen nearly pure. 
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^ Exp. 25.— The same change may be effected in a few minutes 
if the phosphorus is^eated Dry two or three pieces of phos- 
phorus of the size of a pea upon blotting-paper, and float them 
in a small j;>orcc]ain dish upon the water in the trough: kindle the 
phosphorus by touching it with a hot wire, and cover it at once 
with a jar full of air. The phosphorus will bum till it has 
exhausted all the oxygen in the jar, which will become filled with 
white fumes of phosphoric anhydride (P^Oj). These become 
giadually dissolved by the water, and nearly pure nitrogen is leff. 

Oxygen may also be very completely separated from 
nitrogen by allowing the air to stream veiy slowly over finely - 
divided copper made red hot 

Nitrogen has neither colour, taste, nor smell. It has 
never been liquefied by cold or pressure. It is a little 
lighter tlian air. A measure of hydrogen which would weigh 
I gram would, when filled with nitrogen at the same tem- 
perature and pressure, weigh 14 grams. Water dissolves it 
but sparingly, taking up about one-fiftieth of the bulk of the 
gas. Nitrogen alone is unfit for the support of life, but it 
is not a direct poison, and is, indeed, constantly inhaled 
’when mixed with oxygen, the activity of which it serves to 
moderate. 

Exp. 26. — Plunge a lighted taper into a jar of nitrogen : the 
gas does not take fire, but the light is put out instantly. 


Nitrogen offers a striking contrast in properties to oxygen. 
It Tias scarcely any tendency to unite directly with any of 
the elements except boron, titanium, and one or two of tlie 
rarer metals. Yet it is one of tlie most widespread forms of 
matter,; it is found in the free state in the air, as well as in 
combination in some of the most active and important com- 
pounds — such, for instance, as in nitric acid, which is obtained 
from the nitre of convnerce, and in ammonia or hartshorn. 


Though not abundant in plants, it is never quite wanting in 
them. It also forms part of the strongest vegetable poisons 
and medicines, such as prussic acid, strychnia, and morphia ; 


and it is a component of some of the most iixi|>orta||t 
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articles of food, such as bread, and the flesh of 
animals. The compounds which nitrogen forms with each 
of the otlier elements ore called nitrides^ and animal sub- 
stances which contain nitrogen are often spoKeii of as 
azotised substances. 

(14) Air a Mixture of Several Gases . — 

Exp. 27. — Measure off into a jar over water 210 c. c. of oxygen, 
and add to it 790 c. c. of nitrogen ; then introduce a lighted 
taper. It will continue to burn as in ordinary air. 

Such a mixture might be breathed with perfect safety, and 
would possess most of the properties of the air. The atmo- 
sphere is in fact a true mixture of several gases, among 
which nitrogen and oxygen are by far the most abundant. 
Though these two gases are not chemically united in the 
atmosphere with each other, yet m the open air they are 
found to be mixed in very uniform proportions. Careful 
analyses of numerous specimens of air taken from the most 
distant parts of the earth furnish results the extremes of 
which do not vary from one another in the proportion of 
oxygen more than about i part in 200, and generally the 
variation is much less. The samples were taken, amongst 
other places, from Port Bowen, amidst the perpetual ice of 
the Arctic Circle ; from Verx Cruz, the hotbed of yellow 
fever ; from the summits of the Andes in the western hemi- 
sphere, and of tlie Alps in the eastern; from the higher 
regions of the atmosphere in balloons, as well as from the 
Streets of the crowded capitals of Euiope, such as London, 
Paris, Bcrlm, and Madrid, Supposing all the ingredients 
of the air except nitre^en and oxygen to have been removed 
by proper means, it has been found that x litre, or 1000 c. c., 
of the mixture would contain on the, average 209*5 ^ c* 
oxygen and 790*5 c. c. of nitrogen. If the quantities be 
determined by weight, instead of by measure, 1000 grains of 
the mixture w^ould contain 232*2 grams of oxygen and 
|67*8 grams of nitrogen. 
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But it is easy to show that air always contains other su1> 
stnnces besides oxygen and nitrogen. 

Exp. 28.— ‘Pour a littie clear lime-water into a saucer, and 
leave it ior a few minutes. A white skin or him will gradually 
be formed upon the surface, and this if shaken will sink to the 
bottom ; a fresh film will then be formed in its place, and if this 
be disturbed it will again be renewed, until the whole of the lime 
has been separated from its solution in the form of this white 
substance, which has the chemical composition of chalk, or calcic 
carbonate. 

In this experiment the lime has taken up from the air one* 
of the less abundant gases which it contains, and to this gas 
the name of carbonic acid or carbonic anhydride (COa) has 
been given. The quantity of this gas is always small It 
varies in i litre, or 1000 c. c., of air from 0*3 to o*6 c. c,, so 
that 10,000 measures of air contain from 3 to 6 measures of 
'this gas. 

Exp. 29. — Pour some water into a glass tumbler, taking care 
to keep the outside dry ; place in the water a lump of ice. In 
the course of a few minutes the water wilt have become cooled 
by the melting icc, and the cooling effect will extend to the 
outer surface of the glass, while dew or moistuie will be de- 
posited upon it, owing to the condensation of viewless watery 
vapour from the air. 

This experiment shows the presence of steam in the atmo- 
sjAiere, The proportion o^ watery vapour, however, varies 
greatly fiom time to time, being much less during tlje hosts 
of winter than it is in the hot weather of summer. In this 
climate 1000 c. c. of air seldom contain more than 20 c. c. 
of invisible vapour, and the proportion ordinarily found in a 
litre, or 1000 c. c., may be roughly reckoned at 14 c, c. 

The weight of a |jtre of dry air free from carbonic anhy- 
dride, at o® C. when the mercury in the barometer stands at 
760 mm., has been found to be 1*2932 gram. 

It must also be added that variable traces both of am- 
monia and of nitric acid are found in the air, but the pso- 
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portions are so minute that they cannot be detected unless 
veiy large quantities of an are examined ; and these sub- 
stances are more easily found in the rain, which, by falling 
through huge tracts of air, has dissolved them, an^i brought 
them down with itself. Minute as the quantity is which is 
found even then, they have important uses in supplying 
what is needful for the health of growing plants. 

In huge towns small quantities of other gases are likewise 
occasionally met with, such as sulphurous anhydride (SOt), 
derived from the pyrites in the coal consumed, and sul- 
phuretted hydrogen (HjS), from the putrefaction of animal 
refuse. 

Besides these gaseous bodies, minute particles of solid 
matter are always suspended in the air; these are of the 
most varied kinds, and among them are the spores and 
seeds of minute fungi and plants. These particles are so 
small that they commonly escape notice ; under favourable 
cu'cumstances they may be easily seen, as they form the 
* motes ’ which appear to be dancing in the sunbeams when 
they find their way into a darkened room. 

ibe average composition of a litre, or looo c. a, of air 
may be represented as follows, in measure of each in- 
gredient : — 



Cub Centim. 

Oxygen . • . . 

. 206-1 

Nitrogen 

. . 779*5 

Aqueous Vapour (abou’t) 

1 s • I4t> 

Carbonic Anhydride « 
Nitric Acid . . i 

*4 

Ammonia , 

• traces 

Carburctted Hydrogep J 

1000*0 
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CHAPTER IIL 

WATLK — HYDROGEN. 

(15) Water : Symbol^ H2O ; Atomic and Mol. Wt 18 \ 
Sp, gr. 0/ liquid at 4® C. fooo; Sp. gr. ofke^ 0*918 ; %p. gr. 
of steam y 0*622 ; ReL Wt 9; Atomic and Mol. Vd. j y ] ♦ 

Until about a hundred years ago this wonderful and uni* 
versally diffused liquid was, like the air, supposed to be onfe 
of the elements of nature ; but we can now easily prove 
that it is a compound body, and can both separate it into 
its elements, and reproduce it from those element«i by causing 
them again to combine together. 

Exp. 30. — ^Throw a small piece of the metal potassium into a 
saucer containing water, and retreat to a little distance. As the 
metal is lighter than water, it will rise to the surface, where it 
.will seem to burst into flame, rolling rapidly about until it dis- 
appears with a slight report. Now place a piece of reddened 
litmus paper in the water : it will become blue, showing that 
the potassium has combined with oxygen, which, as we shall 
see, is derived from the w^ater, and has been by it converted into 
the alkaline body potash {JExp. 16). 

Exp. 31. — Roll upon the end of a cedar pencil a piece of wire 
gaure about 4 centim. square, and fold up the end of the cylin- 
deif thus formed ; twist a piece of copper bell-wire 25 or 30 
centim. long round the little cige, so as to form a handle ; then 
introduce into it one or two small pieces of sodium, the metal 
contained in common salt, and pass the cage quickly beneath 
the mouth of a small glass jar filled with water, and inverted in 
water : bubbles of gas will be formed at once, and will continue 
to rise into the jar until all the sodium has disappeared. Now 
close the jar with a glass plate, withdraw it from the water, and 
apply a light The gas will take fire, and bum with a pale 
flame. 

To this substance the name of hydrogen (water-producer) 
lias been given. It is regarded as an elementary body. 
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* The results of these experiments may be thus explained : 
Water is a compound of oxygen and hydrogen. The 
potassium or the sodium displaces a part of the hy- 
drogen from the water, lorming potash or soch^ which 
is dissolved by the water, while the hydrogen escapes in 
the gaseous form, as may be explained by the following 
equation 

yHuet Potaaium Potuh Hydrageo 

2H.O + K, - 2KHO + H. 


2(3kI + i6) 2x39 2(39+1 + 16) 2x1 



When potassium is used, the hydrogen becomes so much 
heated at the moment when it is set free that it takes fire in 
tlie air at once ; but when the sodium is kept under water, 
the hydrogen is prevented from mixing 
with tlie air till it becomes cool, and 
then it does not bum till a light is 
applied to it 

If a small voltaic battery can be had. 
it is eas} to obtain both the oxygen 
and the hydrogen from the water at 
the same time. 

Exp. 32.— Select two pieces of gj^ass 
tube of equal diameter, about 12 centim. 
long and 12 mm. wide, and open at both 
ends. Fit a cork into one end of each, 
and pass a stout platinum w’ire, ending in a small glate of 
platinuhi, through each cork, so as to reach nearly to the 
open end of the tube. .Then cover each cork neatly with a 
solution of sealing-wax in spirit of wine, and let it dry. Next 
fill each tube with water slightly acidulated with sulphuric 
aciii * (about i part of acid in 30 of water), and invert it in 

* Much heat is given out whenever 8trcm|r suipharic add if mixed 
even with cold u'ater. When this mixture t$ to be made, tlie water 
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• *•* 
a glass of the same acidulated water (Fig. 9)« Connect onx^ 

of the platinum wises with the wire proceeding from one of 
the poles of a properly charged voltaic battery, which may 
consist gf three or four cells made on Grove’s plan (see treatise 
on ‘ Electricity Oi and connect the other platinu^ wire with die 
remaining pole of the battery. *Gas will begin at once to nse 
from both plates, and will collect in the tubes * one of diese tubes 
will receive just twice as much g.ism the same time as the other* 
When sufilicicnt gas has been collected, remove the tube witli the 
smaller quantity of gas, closing it with die dmmb before lifting 
It out of the water. Turn it mouth upwards, and introduce a 
splinter of wood red-hot at the point. It will be rekindled. 
This we know is a characlenstic property of oxygen. Now 
remove the other tube m a similar manner, and apply a hghted 
taper. The gas will take fire, and bum with the pale flame pecu- 
liar to hydrogen. 

In this experiment it is to be noted that for each cubic 
centimetie of oxygen obtained from the water 2 c. c. of 
hydrogen have been procured. Further, it may be easily 
shown that these two gases may be made to combine again 
chemifally in the same proportions, and that they then 
reproduce water. For this purpose the last experiment must 
be altered in form as follows • — 

-El/. 33. — Fit a good cork to the neck of a bottle which wdl 
hold 100 c c., adjust a tube, bent as in Fig. 10, to the coijj:, 
liEinng its lower end turned upwards, and pass the wires con- 
nected with the two platinuii^ plates through the cork, taking 
care that the metals do not touch each other. Nearly fill the 
bottle with water slightly acidulated with sulphuric acid, and 
insert ^e cork with its bent tube and platinum plates. Connea 
each plate with one of the wires of the voltaic battery, as before; 
allow the air in the tube to be disputed by the gas, and then 
collect the mixed gose^ as they rise from both plates, m a Strong 

should be placed in a jug or earthenware vessel ; it should be stirred 
lound and round with a glass rod, and Mr attd ikould bt pour&i ttiio the 
water (not the water into tlie acid) in a slender stream, the vihole beu^ 
kept surred till the mixture is complete. 
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dry toUe filled with mercury, and supported a wooden vice, * 
and inverted in a small Wedgwood*ware mortar containing mer- 
cury. When the tube has become full of gas, close the end of it 
with the finger, raise it out of the mercury, and appl^ a light : 

fig. 10. 



a sharp report will be heard ; the two gases will suddenly unite, 
and the sides of the tube will become dewed with moisture, 
showing that water has been formed by the union of the oxygen 
and hydrogen. 

Another mode of making this important experiment will 
be described when we come to treat of hydrogen. 

Each litre of oxygen gas unites with exactly two litres of 
hydrogen ; and if die gases be heated to above loo® C. before 
causing them to unite, and the heat be kept up to the same 
point after they have united, exactly two litres of steam or 
watery vapour will be obtained.^ Hence, in representing the 
composition 6f water by symbols, its formula is written HzO, 
and its combining number is i8. When converted into 
vapour 9 grams of water furnish a bulk of steam exactly 
equal to that of i gram of hydrogen at the same temperature 
and pressure ; so that the rdatvt^ weight of steam is 9, and 
the speafic gravity of steam is 0*622 ; or the weight of a 
quantity of steam, compared with that of a quantity of air 
which weighs x gram at the same temperature and pressure, 
is 0*622 gram. It is also convenient to bear in mind that 
I litre of water will at 100® furnish i 6 g 6 litres of steam, of 
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an elasticity sufficient to balance tlie pressure of a column of 
mercury of 760 millimetres, x cubic inch of water producing 
nearly a cubic foot of steam. • 

Pure water has neither taste nor smell, and it is generally 
supposed to be colourless, though when seen through a 
depth of 5 or 6 metres it has a delicate and faint tinge of blue* 
When cooled sufficiently, it becomes converted into the 
transparent solid form of ice. The point at which pure ice 
melts, or the freezing poini^ as it is usually called, always 
occurs at exactly the same temperature, if the ice is not 
exposed to pressure. Hence the melting point of ice has 
been made the starting point or o®, the zero, gs it is termed, 
of the centigrade thermometne scale.* Again, if the tem- 
perature of water be raised sufficiently high, the liquid 
assumes tlie form of gas, while bubbles of lise through 
the heated liquid and break upon its surface, passing off as 
invisible vapour. The water is said to boil, and its vapour 
is then of an elastic force just sufficient to balance the pres 
sure of the air upon its surface, wdiatever that pressure may 
be. The temperature at which pure water boils under equal 
pressures is found to be quite as uniform as its freezing 
point. This boiling point of w^ater serves, therefore, as a 
second fixed point upon the thennometric scale, and it has 
been agreed to call the point at w’hich the mercury stands 
ift boiling water 100® on the cenugrade scale ; the observa- 
tion being always made wJien the pressure of the air upon 
the surface of the boiling wrater, as indicated by the baro- 
meter, is equal to that of a mercurial column 760 mm. long 
wheft measured at o® C. One degree of the centigrade scale 
represents the looth part of the apparent expansion of the 
mercury in the thermometer between the freezing and the 
boiling points of water.+ 

* If the water holds salts dissolved in it, the free4ing point is lowered 
to an extent depending on the quantity and kind of salt. 

t If salts aie present tn the water, the boiling point may be raised 
several degrees, the amount vaiying accoiding to he quantity and kind 

salt in solation. 
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But water eoaporates^ or slowly passes off into the air in 
the invisible form of vapour or steam at all tempciatures 
--—even from ice itself; and this evaporation is gjping on 
more or less actively almost everpvhere upon the surface of 
the earth, so that the air is at all times charged with moisture, 
the proportion of vrhich is perpetually varying. In dry 
weather the quantity of vapour found is always less than 
that which could exist unseen in the air at the time. It is 
owing to this circumstance that wet bodies, when exposed to 
the air, become dry in a few hours. By the process of 
evaporation from the surface of the land, as well as of the 
ocean, a natural distillation and purification of water, of the 
utmost importance, is always taking place around us. The 
water discharged by rivers into the sea leturns unperceived 
into the air. The vapour is at first unseen, but as it rises 
into the colder regions of the atmosphere it is condensed 
into masses of visible cloud. These at last become too 
heavy to stay aloft. High ndges or mountains are especially 
active in arresting the clouds, which then fall in showers, 
and supply the high lands with water. I'his flows down the 
sides of the hills, collects into rivulets, and these again into 
rivers ; or else the water sinks into the earth through the 
porous strata, and passes clown until it meets with a bed of 
clay or some stratum through whicn water cannot pass The 
liquid, when thus stofiped, flows along over the face of tlite 
imbedded stiatum until it readies the surface of the soil at 
some lower level in the valley, where it bursts forth in the 
form of a spring. 

Water exhibits a remarkable exception to the law of Von- 
traction by the removal of heat, which all other bodies obey. 
When exposed to a felling temperature, it diminishes in 
bulk regularly till it has become cooled clown to 4® C, ; and 
then, instead of contracting, it begms slowly to expand, and 
continues to do so until it reaches the freezing point, when 
the ice which is formed suddenly expands still more. This 
exceptional expansion of water as it cools is attended with 
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vety important consequences to our well being. During the 
frosts of winter a rapid process of cooling occurs from the 
surface of all lakes and streams ; the colder water sinks to , 
the bottSm until the whole has become reduced to 4* C., 
but below this point the colder water becomes the lighter, 
and remains at the top, so that it protects the mass beneath 
from the winter cold. In this way it prevents such a reduce 
tion of temperature in deep pools as would be fatal to fishes 
and aquatic animals. The ice also floats upon the surface, 
and thus the bottoms of lakes and rivers are preserved from * 
the accumulation of masses of ke, which, if it sank as fast 
as it is formed, could never be melted even by the summer's 
sun. 

The temperature of 4® C, is tliat at which water is heavier 
than at any other, and is hence called its point of nuixtmum 
dennty. A litre of water at this temperature weighs exactly 
1000 grams, or i kilogram. Water is 773 times as heavy as 
air at o® C, when the barometer is at 760 mm. In taking 
the specific gravity of solids and of liquids, they are always 
compaied with the weight of an equal bulk of puie water at 
4® C. For example, if gold be said to have a specific gravity 
of i9'34» it is meant that i c. c of water at 4® weighs i gmm, 
while a cub. centim. of gold at the same temperature weighs 
19 34 grams. 

in Older to obtain pure water for this and various other 
purposes, it must be distilled.* This is usually performed by 
means of a still and worm-tub ; but if these be not at hand, 
a small quantity of water may be distilled m the following 
manner 

Exp, 34.-- Procure a dean tinplate 9-Utre (or 2-gallon) oil cati ; 
bend a glass tube mtojthe form shown in Fig. 10 ; adapt it to a 
sound bung which exactly fits die neck of die can, and fill the 
can about two-thirds full of water. Then adjust the bent tube 
to the condenser shown in the figure. Phicc the can upon the 
fire, and heat it till the water boils steadily, whilst a small 
stream of cold water is kept running through the outer tube of the 
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condenser. Allow the water as it distils over from the can to 
flow into a flask placed for its reception. Throw away the first 
40 or 50 cub. which are apt to contain a little ammonia and 
semi-gascous impurities Then collect 3 or 4 litres. <*This will 
be disUlUd water; and if the experiment is performed carefully, 


Fig. It. 



the liquid so condensed will be pure from' all solid substances in 
solution* A few drops when allowed to evaporate from a slip of 
clean glass will leave scarcely a perceptible mark behind ; but 
if a few drops of the water before distillation be so treated, a 
distinct residue will be obtained. A sufficient condenser may be 
made without difficulty as follows : — Select a piece of glass tube 
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of about &> centim. m length and 2 centim m diameters fit it 
by means of corks into a second tube of glass or of tinplate 
about 60 centim m length and 4 eentim. m diameter Into the 
space betwreen the two tubes pass a bent qmll tube through one 
of the corks, and introduce through the other cork a seoond 
similar tube , cold aater is to be supphed through the tube at 
the lower end, while the hot uater runs off at the upper end, as 
shown in the figure 

Water, m consequence of its extenahro power of dis- 
solving bodies of \aiious kinds, is nOK met with naturally 
in a state of perfect purity Rain wttier^ collected in the 
open country after continued wet weafiher, is nearly puie , 
but even this contains the gases of the atmosphere dis- 
solved in It, usually to the extent of from about 30 to 50 
c c in a litit of water, besides particles of soUd suspended 
matters 

The presence of air in water is necessary to the life of 
fishes and aquatic animals geilerally, for it is by means of 
the oxygen thus dissolved that tliey maintain respuation 
Its presence may be shown as follows — 



35.— Fit a quill flibe, a{¥\g 1 2), by means of a sound cork 
to a Florence flask, having first filled the flask with lam water, 
or with spnng water, fill the tube also completely with water, 
and adapt it to a small glass jar, also filled with water, and 
standing m the water-bath Heat the water in the flask till it 
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boils briskly; bubbles of air win gradually be driven out of the 
water, and may be collected in tlie glass receiver, 3 , 

Rain water which falls in mountainous or rock^ districts 
formed of millstone grit, mica slate, and otlier rocks 
which contain but little soluble material, generally runs 
oif nearly free from anything except a little vegetable 
matter and dissolved gases ; but s^riug^ zoa/cr, although it 
may be perfectly colourless and transparent, contains some 
salts in solution. The quantity and the kind of these 
salts varies with the kind of rock or soil in which the spring 
originates. 

The salts most often found in spring water are soclic 
chloride or common salt, calcic carbonate from chalk, 
and calcic sulphate, as well as small amounts of magnesia: 
carbonate and sulphate. The waters of town wells also 
generally contain traces of ammonia, and more or less of tiic 
nitrates and nitrites of calqium or of sodium. The nitric 
acid in these salts is the result of the gradual oxidation of 
the drainage from animal refuse, which, though in its recent 
state one of the most noxious impurities that can be found 
in water, yet when completely oxidized into nitrates is no 
longer dangerous to health Nearly all spring waters 
contain also a very small quantity of silica in solution. 
Wholesome waters do not contain in solution more than 
one gram of saline substances per litre ; and the most 
highly prized sources contain 'but a few centigrams only in a 
litre of water. 

Exp, 36.— Select a thin porcelain dish which will hold 60 or 
80 cub. cm. ; place it in one pan of the balance, and cut a piece of 
lead till, when placed in the other scalc>pan, it counterpoises or 
exactly balances the dish. Measure off half a litre of spring 
water, and pour some of this water into the weighed dish ; place 
it over a very small gas flame, so as to evaporate the water gently 
without allowing it to boil ; add the rest of the water from time 
to time until the half litre has been completely evaporated away. 
Dry the salts thus obtained, and weigh what is left as accurately 
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as you can. By multiplying this quantity by 2 you will obtain 
the amount of soluble solid substances per litre which that par- 
ticular specimen of water contained. 

This 8 the basis of the plan which, with many additional 
precautions, is adopted for determining the quantity of salts 
in tlie process of analysing waters to be used for drinking or 
manufacturing purposes. 

River water often holds a smaller proportion of salts dis 
solved in it than spring water ; and yet it may be less fit for 
drinking, for it generally contains a much larger quantity of 
organic matter ; that is to say, it contains a larger propor- 
tion of soluble drainage products of a vegetable or animal 
nature, which have been w'ashecl oif tlie surface of the 
soil by the rain, or wliicli have been emptied from sew'ers 
into the stream. 

Such sewerage products should not be allowed to escape 
into rivers until they have been more or less jmrified by 
allowing the liquid to run over cultivated land, which is 
nianuied by it in its progress, Tlie liquid aftenvards runs 
away comparatively harmless. 

Happily for mankind, running w^ater is endowed with 
n considerable amount of jiurifying power, due to the 
oxygen of the air which it holds in solution. Vegetable 
matters consist almost entirely of carbon, oxygen, and 
hy<lrogen, with a very small proportion of nitrogen ; whilst 
animal matters, in addition fo carbon, oxygen, and hydro- 
gen, contain a considerable proportion of nitrogen ; both 
vegetable and animal matter likewise contain a little sulphur, 
either as suljihates or in some otlier form. During putre- 
faction these organic bodies give out a disgusting odour, 
and, if swallowed in this state, even when largely diluted with 
water, may cause sefious illness. By the action of the 
oxygen dissolved in the w^ater, the hydrogen of these com- 
pounds becomes changed into water, the carbon into car- 
bonic acid, and most of the nitrogen into nitric acid. The 
continual motion of the water exposes fresh surfaces to the 
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air ; fresh oxygen is in consequence always being absorbed, 
and the oxidation which takes place is generally sufficient 
to preserve the stream in a wholesome state. But if the 
water be overloaded with organic refuse, ot if it become 
stagnant, the whole of the dissolved oxygen may become 
absorbed by the decaying matter without renewal from the 
air, and the pool will then emit an offensive odour, and may 
become a centre of disease. The filtration through the well 
aerated porous soil which water naturally undergoes before 
it issues in tlie form of springs, is attended with an oxidizing 
and purifying action bf the highest imi)ortance. 

River water should always be filtered thiough sand or 
through a charcoal filter before it is used for drinking 
Suspended matters, such as clay, fish spawn, oi small 
animals may be thus removed, but the salts in solulion aie 
not sensibly affected by such filtration. 

Erfi, 37. — Dissolve 0*395 gram of potassic pennanganate in 
j litre of water, and add 3 c c. of this solution to a mixture of 
2 c. c. of dilute sulphuric acid (40 of water and i of acid) \Mth 
half a litre of distilled water, in a glass fiask, so as to give the 
liquid a distinct purplish tinge; little or no change of colour 
will be seen at the end of three hours, if the mixture be left 
to itself. Do the same dung with an equal quantity of river 
water; m thiee hours’ time the tint will have become reddish 
or brownish, if any considerable quantity of organic matter be 
dissolved in the water. i 

The foregoing result may be thus explained : The sul- 
phuric acid separates permanganic acid from the salt, and in 
the presence of organic matter this acid loses a portion of its 
oxygen, which combines with the constituents of the organic 
matter, while the permanganic acid becomes converted into 
a compound of manganese of a diflerent and less intense 
colour, and containing less oxygen. 

A weak solution of the permanganate, indeed, furnishes 
a valuable comparative test of the fitness of water for 
drinking. If the permanganate does not alter sensibly in 
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colour m such an experiment, there is no organic impurity 
to be feared in the water 

Water IS commonly spoken of as hard or soft^ according 
to Its adtion upon soap Soap is a combination of a fatty 
or oily acid with soda , and this compound is readily soluble 
in pure water Waters \ihich contain salts of calcium or 
magnesium cause the soap to curdle, since these metals 
furnish with the fatty acid of the soap compounds which 
are not soluble in water Such wateis are said to be hatd* 
Soap which IS thus curdled is consumed in waste. In such 
w Iter soap neither cleanses nor produces a lather until the 
whole of the earthy salts have been decomposed and an ex- 
cess of soap is present Soft waters, on the contrary, do not 
contain these earthy salts, and they dissolve the soap without 
difficult}, and without destroying either its cleansing power 
01 its tendency to form a lather 

Many wateis exliibit what is called iemfotary hardness, 
biicli waters become softer by boiling The hardness in this 
case IS due to the presence of calcic or magnesic carbonate 
These compounds are scaicely soluble at all m pure water, 
but the} become soluble to a considerable extent in water 
charged mth uncombined carbonic acid 'When such waters 
are boiled, the carbonic acid is driven off by the heat, and 
the calcic and magnesic caibonates which the acid had dis- 
solved become deposited, and a ‘ fur' or incrustation takes 
place on the inside of the boiler, as may be seen by examin- 
ing a kettle used for boiling such waters 

£ap 38 — Place half a litre of a water of the kind just referred 
to, such as that of the lhames or of the New River, m a glass 
flask, and boil it over a lamp for a quaiter of an hour little 
crystalline grams of the earthy carbonates which were m solution 
will gradually be deported, and the water will be found to 
be consideiably softened 

39 —Mix another half litre of such a water belbre it is 
boiled With about one^eighth of its bulk of lunewater The 
liquid will become turbid, and on standing for a few houis, till it 
IS clear, it will be found to be much softer than befoie 
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1 he reason of this result is^ that the lime in the hmewater 
has combined with the carbonic aud which the river water 
held dissolved. Chalk is tlius formed, and at the same time 
the chalk previously dissolved by the carbonic acid'1)ecomes 
separated , so that both the lime of the limewater, if it be 
not added in too large a proportion, and that onginally in 
the water dissolved as chalk, become precipitated ♦ together, 
and the water is softened 

Exp 40 — Prepare a mixture of about equal parts of strong 
spirit and w iter, so as to obtain a liquid of sp gr o 920, and m 
half a lure of thi:> dissohe o i giam of cuid soip Into a glass 
bottle fitted with a stopper, and cap xble of holding about 100 c t , 
measure olf 50 c c of such a hard w itcr , then add, little b> 
little, some of the spuituous solution of soap Put the sto|)pt»* 
into the bottle, and shake it bnskly for a minute no Hthcr \\ ill 
be formed at first, but the soap ill be curdled Continue to 
add the solution, shaking bnskly between each addition At 
length there will be moic soap added than the iime silts cm 
decompose, and is soon is this h ippcns a lather will bt formed 
in the bottle 

llns IS the pnnciple upon which Dr Claik’s wapte^fiox 
determining the haidness of water is based In applying 
this test the strength of the soap solution is first carefully 
ascertained, and then the exact proportion necessary to 
produce a lather is determined ^or each particular watei , 
by means of table*- constructe<| for the purpose, thehardficss 
of the water is then easily caU ulaltd 

Besides this temporary haidness m water, there is a per 
mm&tt form of hardness Indeed, very commonly the same 
water exhibits hardness of both kinds The amount of each 
may be/ound by applying the soap test to the water before 
it has been boiled, and again after boijing it for half an hour, 

* When a clear liquid becomes cloudy or milky from the addition of 
another clear liquid, the chemical change is attend with the formation 
of some insoluble compound, which is separated, otr, m chemical Ian 
guage IS pmtpiaued fiom the liquid The uisoluble substance is called 
a pruipitaU^ whether it sinks to the bottom or fioats in the soluti^ 
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taking care to add distilled water if necessary to supply the 
exact quantity which has been boiled away. 

The difference between the hardness of the water before 
it was bailed and that found afterwards gives the temporary 
hardness ; while the degree of hardness which remains after 
the boiling represents the amount of permanent hardness. 
This permanent hardness is due to the presence of salts of 
calcium or magnesium other than the carbonates, such as 
the sulphates or nitrates. 

Waters having this permanent kind of hardness may be 
softened by a method well known in the laundry ; for by the 
addition of sodic carbonate, or common washing soda, the 
calcium or magnesium is precipitated as carbonate, while 
sodic sulphate or nitrate remains dissolved. For instance, 
with calcic sulphate the change may be thus represented : 

OUric Sulphate Sodic Carbonate Sodic Sulphate Calcic Carbonate 

CaS 04 + Na*C 03 • Na*S 04 + CaCO^ 

The sodic sulphate which is formed does not cuidle the 
soap. 

Mineral waters hold a much larger quantity of substances 
in solution than waters used for domestic purposes. If such 
waters contain iron, they have an inky taste, like some of 
those at Tunbridge Wells. They are called chalybeate 
and may be known by the rusty deposit which tliey form wben 
exposed to the air. Otheri are strongly effervescent^ like 
seltzer water, owing to the escape of carbonic acid ; while 
others have a strong sulphuretted odour^ like the Harrogate 
water, ^ owing to the presence of sulphuretted hydrogen. 
Others, again, are strongly ialme^ like the springs at Epsom 
and at Cheltenham ; whilst in some cases in volcanic districts, 
as in the Geysers ofi Iceland, the water is actually boiling 
hot, and holds silica dissolved ; and in the Bath waters the 
springs, though not boiling, are much hotter than the surface 
of the soil from which they come forth, owing to the action 
of subterraneous heat 
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Sea water is laigely loaded with comnum salt, and mth 
magnesic chloride and sulphate, to which last the bitter taste 
is due. It contains also a large number of other salts ; 
among these are small proportions of bromides andtiodides. 
A litre of sea water contains about 37-5 grams of various 
s^lts dissolved in it; about 29 grams of these consist of 
sodic chloride. 

Water dissolves certain bodies, such as common salt, 
nitre, and Epsom salt, with great ease; but other salts, 
such as caldc sulphate, are soluble in much smaller pro- 
portion in the same quantity of water. When water has 
dissolved as large a proportion of any substance as it can 
take up, it is said to be saturated with that substance. 
Some substances, such as silver chloride and siliceous 
sand, are not soluble in water to any sensible extent. 
Generally speaking, water, though saturated with any parti- 
cular salt when cold, will dissolve a larger quantity of the 
same salt when heated. 

Exp, 41, — Grind up in a mortar 50 or 60 grams of sodic sul- 
phate with about twice its weight of water at 15® C, The water 
will dissolve a considerable proportioa, but not the whole of the 
salt Pour this saturated solution into a flask, and warm it 
gently ; it will now dissolve 50 grams more of the salt without 
difficulty. ADow the solution to cool down to the temperature 
of the air, say 15® C. : long four-sided needles will crystallise 
from the Mquid, Pour off the liquid, and dry the crystals ‘by 
pressing them between a few folds of blotting-paper. When 
they appear to be dry, put a small quantity of the crystals into a 
test-tube, and apply a ge.\tlc heat : tlie salt will liquefy, and on 
continuing to apply the heat a large quantity of water will be 
driven off, and a dry white powder will be left in the tube. 

The water thus given off was chemically combined with 
the crystals. Many other salts which appear to be perfectly 
dry to the touch, give off water when heated, and crumble 
do^vn to a shapeless mass ; such, for example, as alum» cupric 
sulphate and sodic carbonate; but they all lose the 
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^nctive form of their crystals when the water has been 
If the dry residue be again dissolved in water, 
new crystals similar to the original ones are obtained, and 
they are^ound also to contain water as before. The quan-^ 
tity of water is definite for each salt ; for instance, sodic 
sulphate contains lo atoms of water combined with each 
atom of tiie salt, and its com]r>osition is represented by the 
formula NaaS04, loH^O; cupric sulphate has $ atoms 
(CUSO4, SH2O), sodic carbonate 10 atoms to each atom trf 
the salt (Na2C03, ioH20), and so on. Such water which is 
necessary to the form of the salt, but which can be diiven 
off without altering its chemical character, is called water 
of crystallisatton. Sometimes mere exposure of the salt 
to the air is sufficient to get rid of this water of crystal- 
lisation. 

Exp. 42. — Take some of the fresh crystals of sodic sulphate ; 
let them lie exposed on a piece of blotting-paper for two or three 
days. They will gradually lose their water, and crumble down, 
or efflorcice into a white powder. 

Other salts act in the opposite manner. They absorb 
moisture from the air, and become dissolved in it ; they 
deliquesce. 

Exp. 43. — Put a little calcic chloride in a watch-glass^ and 
expose it to the air; do the same with a few decigrams of 
potfissic carbonate ; in two or three days both salts will be 
found m a liquid state. 

The compounds of water are often called hydrates (from 
the Greek vBup, water) ; and when a substance is entirely 
free from water in combination, it is said to be anhydrous. 
When a salt is dissolved m water, it is not considered by the 
act of solution to have entered into true chemical combina- 
tion ; the water and the salt may be separated from each 
other unchanged bv merely altering the temperature a few 
degrees. Many other substances besides water dissolve 
bonnes without acting chemically on them. Spirit of wine 
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dissolves camphor, coal naphtha dissolves caoutchouc, 
^and each is left unchanged when the spirit or the naphtlia 
evaporates. 

In a case of true cliemical action, the result is Aflferent ; 
the product obtained differs in properties from the origiiul 
bodies, Wlien potassium is thrown into water, the metal 
disappears, and seems to dissolve, but it cannot be removed 
by evaporation. The water has been decomposed, hydrogen 
escapes, and on evaporation a solid compound of potassium 
and hydrogen with oxygen, in perfectly definite proportions, 
is obtained (KHO), aad» this may be made red hot without 
being chemically altered. 

(x6) Hydrogen: SywA H; Atomic JVt i; Atomic VoL 

Sp. Gr, 0*0691 ; EcL 

Wt X, 

We have already found that when sodium or potassium is 
placed in water an immediate escape of hydrogen occurs, as 
a colourless inflammable gas. 

Potassium and sodium are among the few bodies which 
act powerfully upon water at common temperatures : theie 
are some other metals which when cold, have scarcely any 
action upon it, though when made red hot they easily 
decompose it. Iron is one of thcoc metals. 

Exp, 44.— Procure an iron gaspipe about 60 centim. long and 
2 centim. in diameter ; fit a cork and a short piece of glass tube 
to each end. Introduce some iron filings into the iron tube. 
To one end attach a quill tube by means of a flexible caoutchouc 
tubing ; and to the other, also by means of a vulcanised Rubber 
tube, fasten a Florence flask about one-third full of water, fitted 
with a cork and quill tube. Make a temporary furnace (as 
shown in Fig. 13) by means of six ox* eight bricks, with a 
grating, which may consist simply of a coarse piece of wire 
gauze ; support the iron tube across tlie funiace, and make it 
red hot by surrounding it with burning charcoal* Then cause 
the water in the flask to boil with such force as to drive the steam 
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through the red-hot pipe over the heated iron filings. Gas <vill 
comO' oflT at the other end, aiid may be coUected in jars over tlie/ 



pneumatic trough. When a light is* applied to it, it will burn 
with a pale yellowish flame. It is, in fact, hydrogen, . 

In this process the red-hot iron has removed the oxygen 
from the vapour of water, and left the hydrogen in a 
separate form, magnetic oxide of iron being produced. The 
decomposition may be thus represented ; 

Iron Water Magnetic Oxide H5'drogen 

3Fe + 4 H ,0 » + 4 H* 

3x56 4{2xn*r6)^ 3x56 + 4x16 4x2x1 

168 ^ 7 2 233 S 

240 240 

The usual and the most convenient mode of preparing 
hydrogen is tlie following : — 

Exp, 45. — Melt about half a kilogram of zinc in an iron ladle^ 
and pour it in a thin stream from a height of about a metre into 
a pailful of cold water ; the metal will be obtained in flakes, and 
is said to be granulated. Introduce into a bottle which will Kbld 
about 300 c, c. about 15 grams of granulated zinc; fit a good 
cork to the, neck of the bottle ; then remove the cork and pierce 
two holes in it with a round file ; through one hde pab a glass 
tube funnel, and through the other a tube bent as in Fig. 14. 
To die bent tube attach another bent glass tube, by means of a 




of ifyStffiggK, 


^ece rfwlcauise*} rubber tubing. N^t fofu upon the tin! 
ti«t>ughthe fi»ntaabout 7 o C.C. of diluted aSfc abidfi 





Sulphiitic Acid 

H.SO^ 

! X3 + 32 + 4X I6 


sure of stf<«ig add to 7 measures of 
water). A brisk effervesiKjnce will 
occur, and a colourless gas will come 
ofif, which may eadly be collected in 
jars over the pneumatic trough. 

^ In this case the dnc appears to' 
displace hydrogen from the acid; 
a, new salt {zinc sulphate) is formed, 
and becomes dissolved in the water. 
The reaction is shown in the fol- 
lowing equation : — 

fine Sulphate Hydn>ien 

2n • ZnSO^ H, 

6S + 32+4xrt 2 x 1 


Smps of iron maybe used instead of zinc in this experi- 
ment; but tlie gas then has a disagreeable smell, owing 
e presence of ciirbiiretted hydrogen derived from the 
c^tom the iron Feirous sulphate ^FeSO.) is now formed 
instead of zme sulphate. 

Hydro^n is a poison when breadied, but it cannot 
support life. It IS very slightly soluble in water : loo c. a 
of watw dissolve only 1-93 c c. of the gas. 

“ ?• '=°’9«riess gw 5 wh^ pure it:is with'but 
either taste or odour. It has never been liquefied by cold 
or.^ewure. Owing to its lightness it was at one time used 
pi filhng bd^oons ; b^t coal gas is now substituted for it, as, 
thou^ not sp fight W hydrogen, it is more easily obtained 
in sumciept quantity. 

thff^ “‘•'“J* downwards, over 

ttie mbe of the hydrogen bottle while it is riving off eas freelv 

M shown in Pig. fs. The hydrogep irifl graduaUy dis{dace tte 
heavier air, and may be fogitd in the jar even after the }a^ of 
two or three ftdbutes. if the mouth of the jar be , kept downwards, ‘ 
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as may be proved by applying a flame, when it will take Arc ; but 
if the mouth be turned upwards, the wiH escape in a few 
seconds, and no flash will occur 
on apply^g a light 

Hydrogen in burning gives 
out little light, but much 
heat; a jet of the gas bums 
with a pale yellowish flame. 

All gases which are formed 
in contact with water ’neces- 
sarily contain a certain small 
amount of moisture in thj 
invisible form ; but they may 
be freed from this when neces- 
sary by causing the gas to pass 
blovvly over some salt, which, 
like calcic chloride, has a 
strong attraction for moisture. 

For the purpose of removing this sinall quantity of moisture 
from hydrogen, as ordinal ilypje])ared, the following arrange- 
ment may be made ; — 

Exp, 47. — Fill a tube of about 20 centim. long with calcic 
chloride broken into pieces about the sire of a pea ; plug each 
end loosely with cotton wool; then fit a cork, pierced with a 
(ju[^ tube 5 centim. long, into each end ; fasten this drying ap^ 
paratus to the hydrogen bottle by means of the caoutchouc tube. 
The gas as it comes out at the other end of the drying tube will 
be dry. Now set fire to the diy gas as it escapes, and hold 
a cold glass jar over the burning jet. The side of the giass 
will quickly become bedewed with moisture, owing to the union 
of the b jming hydrogen with oxygen obtained from the atmo- 
sphere. 

Ox}gen and hydrogen may be kept mixed together at 
ordinary temperatures for any length of time without com- 
bining; but if an electric spark be applied to the Trti)cture, 
or a lighted or even a glowing match, immediate combination 
occurs, with a bright flash and a loud report. 
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The Mixed Gma. 


Exp. 48. — Fit a good cork into th<? neck of a gas jar, and 
pass a quill tube 5 centim. long through it, Bind a short piece 
of caoutchouc tube firmly to the quill tube, and dose this dastic 
tube with a small screw vice or tap made for such (purposes. 
Fill the jar with water over the pneumatic trough. Now fill n 
smali jar which will hold about half a litre with oxygen, and 
transfer it by manipulating, as shown in Fig. 16, without loss to 
the gas jar. Fill the same jar with hydrogen, and transfer 
it to the large jar. Repeat the operation with the hydrogen, so 
as to obtain in the larger jar a mixture of half a litre of oxygen 


Fig. 1 6, 



and I litre of hydrogen. Having previously softened a thin 
bladder by soaking it in water, tie into the neck of it a glass 
quill tube 5 centim. long ; then adjust to the projecting portion 
a piece of vulcanised caoutchouc tubing provided with another 
screw tap. Press the air out of the bladder ; connect by means 
of a short piece of glass tubing the two pieces of vulcanised 
tube ; depress the jar in the pneumatic trough, and then open 
each screw tap. The gas will now pass into the bladder ; close 
both screw taps, and remove the Wadder, Now place the end 
of the tube attadied to the bladder under some soapsuds, and 
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• ‘ 
force out the mixed gas by squeezing the bladder so as to make 
a lather. Carefully remove the bladder to a distance, and then 
apply a light to the froth of soapsuds, A loud explofsion will 
immediately follow. 

In this experiment steam is formed ; this first expands con- 
siderably, owing to the heat produced by the combination of 
the oxygen and hydrogen, and immediately afterwards the 
steam becomes condensed, the particles of the surrounding 
air rush in to fill the void, and by striking one against the^ 
other produce the report. 

If the hydrogen be mixed with air, instead of pure oxygen, 
a similar but weaker explosion occurs when a light is applied. 
In all experiments with hydrogen it is therefore necessary 
to allow time for the expulsion of the air from the apparatus 
before setting fire to the gas as it comes out. if the mixture 
be diluted with a large excess of hydrogen or of air, the 
explosion becomes less sudden, and less heat is given out ; 
until, when the dilution reaches a certam point, the mixture 
only burns quickly without explosion, and, if still more 
diluted, the combustion only takes place at the spot where 
heat is applied. 

The proportion of oxygen and hydrogen which unite 
together is perfectly defined, no matter in what proportion 
they are mixed. One measure of oxygen invariably unites 
wit^ exactly two measures of hydrogen. If the gases before 
firing are heated beyond theb temperature of boiling water, 
and be kept the same temperature after the explosion,* 
the three measures of gas which have united will form exactly 
two m^sures of steam — 


It might be considered tliat we now have proved the true 
composition of water, for we have found that water may 
by analysis be made to yield both oxygen and hydrogen, and 

» This form of the experiment requires special apparatus, and, except 
in practised hands, is rather difficult of performance 



that when ojgrgen and hydrbgcaj aite bunj^:wale!r is fornied' ; 
bat at present wc have not shown absoltitelj^'that't]^^ and 

hydrogeti [pe. Ae only sub- 
stances which ent^ into the 
formation df water. 

The following mode of ex- 
periment, for which a some- 
wliat costly form of apparatus 
is required, proves this fact, 
however, in a conclusive 
manner. 

£xp, 49. — Fig. 17 repre- 
sents a strong glass vessel A, 
through the upper .part of 
which two platinum wires are 
inserted; the vessel can be 
closed by a glass stop-cock C ; 
by means of a second stop- 
cock it can be attached to an 
air-pump, hot shown in the 
figure, and the air exhausted. 
The stop-cocks having been 
closed, the vessel is screwed upon the top of a jar, B, containing a 
mixture of two measures of hydrogen and one measure of oxygen. 
On opening the stop-cocks a portion of the mixture enters the 
vessel ; the cocks are then closed, and an electric spark parsed 
through the mixture. A bright flash occurs , the .^se$ com- 
bine, and the whole of the two gases become condensed into 
water, which trickles down the sides of the glass. On again 
opening the stop-cocks a fresh , quantity of gases majbe ad- 
mitted, to supply the place of those just condensed. The spark 
may be again transmitted, and the process may be repecited 
until the whole of the gases are consupied and a considerable 
quantity of water fonhed. 

If in this, expeiiment oxygen or hydrogen be used in ex- 
cess, that excess will be found in the vessel hnacted on after 
firing the mixture. 
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Exp. 50. — Provide a stout tube bent into the fonn shown in 
Fig. 18, open at one end and sealed at the other, the sealed 
limb having been divided into cubic centimetres, or other equal 
divisions^ Into the sides of the tube, near the sealed extremity, 
two pliitinum wires are fused, with two of the ends inside the 
tube, nearly touching each other. Fill the tube with mercury ; 
then introduce a mixture of 4 volumes of oxj^gen and 2 volumes 
of hydrogen. The bulk of this gas 
is to be carefully measured ; say it 
fills 6 divisions after causing the 
liquid metal to stand at the same 
level in both tubes; this may be 
easily effected either by adding mer- 
cury or by drawing it off through 
the caoutchouc tube and screw-tap 
near the bottom. The open end of 
the tube must now be firmly closed 
with a cork, below which a column 
of air is included. This air is meant 
to act as a spring for gradually 
checking the force of the explosion, 
which is now to be produced by 
passing an electric spark cither from 
a Leyden jar or an induction coil 
between the wires. After the ex- 
plosion the gas in the closed limb 
will measure less than before. With- 
dia% the cork, and add mercury until the metal affain stands at 
the same height in both tubes. Suppose the gas filled 6 divisions 
before the spark was passed ; it fills just 3 divisions afterwards : 
the 2 volumes of hydrogen which the mixture contained combine 
with I ¥olume of oxygen, and immediately condense into mois- 
ture on the cold sides of the tube. The remaining 3 volumes may 
be shown to be oxygen as follows : — Fill up the open limb with 
mercury; close it with the thumb ; then incline the tube so as 
to transfer the gas from the sealed to the open limb. A match 
with a red-hot point will immediately blaze up if introduced into 
it (Exp. 7}. 

Such an instrument (Fig. 18) is called a eudiometer^ and 
is often used for the analysis of mixtures of gases. 

F 
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Paire water may also be formed in considerable quantities 
by the following method, which rests on this important fact, 
that when cupric oxide is heated in contact with hydrogen, 
it gives up its oxygen to the hydrogen, and the two«^unite to 
form water, which may not only be collected and weighed, 
but the proportion by weight of each of its constituents may 
also be determined. 

£xj>. 51. — Place a quantity of pure and dry cupric oxide 
(CuO) in a globe, f (Fig. 19), made of glass of difficult fusibility, 
and weigh the globe and its contents accurately. Hydrogen is 
next to be disengaged steadily, by adding small quantities of 


Fig. 19. 



diluted sulphuric acid to granulated zinc contained in the b< 9 ttle 
A. Let the gas bubble up through a solution of potash in B, and 
then pass through the tube c, which is filled with fragments of 
pumice moistened with a solution of corrosive sublimate (HgCh), 
then through D, which is filled with pieces of fused potash, and 
lastly through E, which contains fragments of pumice moistened 
with strong sulphuric acid. The potash and the mercuric salt 
remove traces of arscnicum, sulphur, anchcarburetted compounds 
derived from impurities in the acid or the zinc, while the tube E 
deprives the gas of every trace of moisture. In this way pure 
and dry hydrogen is obtained before it passes into the globe f. 
When all the air of the apparatus has been displaced, by allow- 
ing a certain quantity of hydrogen to pass through it to waste, 
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heat IS applied to the globe F. The cupric oxide when heated 
alone is not altered, but when heated with hydrogen it loses 
oxygen, which converts the hydrogen into water ; this is collected 
in the receiver G and the bent tube H, which contains pieces of 
pumice moistened with strong sulphuric acid. When the globe F 
is cold, pass a current of air through the apparatus, for the 
purpose of displacing the hydrogen left in it Weigh the 
globe with the oxide a second time : the loss shows how much 
oxygen has been removed. Weigh also the receivers G and 
again : the increase in weight shows how much water has been 
condensed ; the difference between the oxygen lost by F and the 
water gained by G and H is the hydrogen which has combined 
with the oxygen to form water. ^ 

By numerous careful experiments 
performed in this way it has been found ^ 
that 1 6 grams of oxygen combine with 
exactly 2 grams of hydrogen to form 
I S grams of water. 

Hydrogen, in combining with oxy- 
gen, gives out a heat surpassing that 
which any other chemical action pro- 
duces. By forcing a jet of oxygen 
through the flame of a spirit lamp, of 
coal gas, or of hydrogen, a very high 
temperature is immediately obtained ; 
butithe most intense heat is ^procured 
by sending a jet of oxygen into the 
midst of a jet of hydrogen by means 
of two concentric tubes, as shown in 
Fig. 20.* The outer tube, provided with 
the stop-cock 11, is connected with a 
large bladder or bag of Ijydrogen, placed 
under a weighted board, which by its 
pressure drives out the gas, while the 
inner tube, with its stop-cock o, is connected with another 
bag, which supplies oxygen. If the mixed gas, as it issues, 
is kindled, a smiill feebly luminous but intensely hot jet of 
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flame is obtained, in which a thick platinum wire may be 
quickly melted and partially volatilised. Tliick iron and steel 
wires held in this flame are also easily melted, and bum, 
giving off brilliant sparks. Rock crystal melts Si it like 
glass, an(Lthe stem of a tobacco pipe foses witliout difficulty. 
If the jet%e directed on a pellet of lime, the earth does not 
fuse, but becomes white hot, giving out a very pure white 
light, which, under the name of the ‘ Drummond light,’ 
has been extensively used for signalling, and, when pro- 
perly mounted in the focus of a concave mirror, has been 
seen, from great elevations, at a distance of more than 
too miles. 

The combustion of the mixed gases, as the oxygen and 
hydrogen in proper proportions are termed, produces, as we 
know, pure water. Water is also formed abundantly when- 
ever combustible bodies which contain much hydrogen are 
burned in the open air; such, for instance, as wood, oil, 
tallow, spirit of wine, and coal gas. A tallow candle, in 
burning, produces rather more than its own weight of 
water; and alcohol or spirit of wine yields a still larger 
amount 

Exp. 52. — Hold a cold glass ovot a burning candle : it will 
quickly become bedewed witt moisture. 

A similar result may be observed every time a retort or 
vessel containing cold liquid js heated over the flame t)f a 
lamp or of gas : drops of water condense until the vessel 
becomes sufficiently hot to prevent this effect from oc- 
curring. 

Hydrogen is rapidly absorbed by many porous*' bodies, 
particularly by the metals platinum and palladium. Palla- 
dium, indeed, can absorb as much as 900 times its bulk of 
hydrogen gas without losing its brilliant lustre. It retains 
the gas at ordinary temperatures, but loses it ty degrees if 
the temperature be rais^ ; and if heated to redness, in a 
vessel from which the air is exhausted, all the hydrogen may 
be again extracted. 
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Dxp. 53. — Fasten a piece of spongy platinum (a form in which 
the metal may be obtained by heating its compound chloride 
[2H4NCI, PtCy, as will be explained hereafter) to a thin pla- 
tinum wire, and hold it in a jet of hydrogen as it escapes into the 
air. The cold platinum will become red hot, and kindle the gas. 

This effect appears to be due to the condensaifon of the 
gas by tlie platinum, which also condenses oxygen from the 
air, and the heat attending the condensation is sufficient 
ultimately to set fire to the mixture of gases. 

Another peculiar property of gases is weU exhibited by 
hydrogen. Whenever two gases are placed in vessels which 
communicate with each other, the gases become gradually 
intermingled, although they may not have any tendency to 
chemical combination; and the greater the difference in 
density between them, the more rapidly does this process of 
diffusion^ as it is called, take place. 

Exp. 54. — Take a tube of about 30 centim. long and 2 centim. 
wide, open at both ends. Mix a little plaster of Paris with 
water so as to be of the consistence of thick cream, and im- 
merse one end of the glass tube in the mixture to the depth of 
5 mm. In about ten minutes the plaster will have become 
solid, and on raising the tube out of the mixture its extremity 
will be closed with a thin plate of plaster ; let it dry in a warm 
room for a couple of days. Through this 
porous plug the effects of diffusion may 
be observed. Fill this diffusion-tube with 
hydrogen gas by displacementf covering 
the plug of plaster with a cap of tinfoil 
when the tube is full of hydrogen. Place 
it in a tall jar of water (Fig. 21), with the 
open end downwards, and remove the 
tinfoil. The water will rise rapidly in the 
tube, as though it were dissolving the gas, 
and will soon fill it above two-thirds of its height. 

In this experiment the porous plug favours the diffusion 
of the hydrogen : about 3*8 measures of hydrogen pass out, 
while only i measure of air enters ; hence the liquid rises in 
the tube. {See Appendix.) 


Fig. 31 . 
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Other gases exhibit ^ similar tendency to diffusion, though 
to a less extent, the diffusiveness depending upon the relative 
density of the two. Its amount admits of exact calculation, 
supposing the specific gravity of the gas to be kno^. I’he 
rule is ^ take the square root of the number which re- 
presents the specific gravity of the gas, and divide i by 
this number : the fraction thus obtained is the diffusiveness 
required. 

For example, the numbers which represent the specific 
gravity of oxygen and hydrogen, I'losy and 0*0691, are to 
each other in the proportion of 16 to i. The square root 
of 16 is 4, and the square root of i is i. Now, the rate 
at which hydrogen diffuses into an atmosphere consisting 
of pure oxygen is as 4 to i. That is to say, that when prop(.T 
precaution is used in making the experiment with such a 
diffusion-tube as that described, while 4 measures of hydro- 
gen pass out into the oxygen through the plaster, i measure 
of oxygen would pass into the hydrogen in the opposite 
direction. The specific gravities of air and hydrogen are 


I and 0*0691, and their rates of diffusion are (= 1) and 

V T ' 


or I and 3*8. In fact, 3*8 measures of hydrogen 


become diffused into the air, v/hile i measure of air is being 
diffused at the same time into the hydrogen. • 

Hydrogen is the lightest sifbstance known ; an equal bulk 
of oxygen being 16 times as heavy, and an equal bulk of 
air 14*47 times as heavyas the same bulk of hydrogen under 
similar circumstances of temperature and pressure. ' Hydro- 
gen has also a smaller combining number than any other 


elementary body ; and this, with its lightness, furnish two of 
the reasons which have induced chemists to take hydrogen 
as the unit or standard of comparison both for atomic 


weights and combining volumes. The atomic weight of 
hydrogen has been therefore taken as i, or H =a= i, and its 
combining volume is also i, or H ss 
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vSuppose, then, i gram of hydrogen to be the unit of 
weighty the space it would occupy at o®, under a barometric 
pressure of 760 mm., would be ii'ip litres; The same 
volume* of oxygen would weigh 16 grams, of nitrogen 
14 grams, of chlorine 35*5 grams. This volume, 1.1*19 
may, therefore, be regarded as representing i volume. 
For many purposes, however, the litre is a convenient mea- 
sure ; and i litre of hydrogen, at the temperature of o® and 
760 mm. pressure, weighs 89*6 milligrams. * 

The proportion in volume in which a certain fixed volume 
of eacli of the elementary gases or vapours combines with 
hydrogen, and the volume of gas or vapour which such 
combinations furnish, comp'^red with tlie space they occupy 
before combination, affords a character upon which the 
grouping of the different elements into natural families is 
founded. 

For example, when a litre of chlorine unites with hydrogen, 
it does so in the proportion of i litre of hydrogen, and it 
fonns with it 2 litres of a new compound, hydrochloric acid 
gas ; but a litre of oxygen, vrhen it unites with hydrogen, 
requires not less than 2 litres of hydrogen, tliough it still 
forms only 2 litres of the new body, aqueous vapour ; further, 
if a litre of nitrogen be combined with hydrogen, it will unite 
with 3 litres of hydrogen, and yet will form only 2 litres of 
th# resulting ammoniacal gas. Consequently, if the hydro- 
chloric acid be represented iJy the symbols HCl, it is agreed 
by chemists to represent the equal bulk of aqueous vapour as 
H2O, and the same bulk of ammonia as H3N. 

We«see, then, that a single volume of chlorine, of oxygen, 
and of nitrogen, when uniting severally with hydrogen, 
requires, respectively, one, twro, and three volumes of hydro- 
gen, while in every one of these cases the compound which 
is formed measures two volumes, no matter whether the 
volume used be a cubic centimetre, a litre, a cubic inch, a 
cubic foot, or any other volume which may be ^eed on. 

Further, it is important to remember that the quantity of 
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any compound represented by its formula is spoken of as its 
molecule ; and when the body is known in the aeriform state, 
that molecule is always tacitly compared with an equal 
bulk of hydrogen, which is represented by the forriiula H2 ; 
and this ^ount of hydrogen is also spoken of as its 
molecule.^' ^ 

In the table which follows, some of the most important 
gaseous compounds of the different elements a^e enumerated. 
In each case the quantity represented by the formula indi- 
cates 2 volumes, say 2 litres, of the gaseous compound. 
H = I, being PI i volume or i litre, and H2 = 2 volumes 
CD or 2 litres. 

In the first column all the compounds are represented m 
their formulae as furnished by the union of single volumes 
of each element, the two bodies combining volume to volume. 
Elements which combine in Uiis way are called monads^ or 
univalent elements. 

In the second column two volumes of hydrogen are repre- 
sented in combination with a single volume of certain other 
elements, which, from their power of chemically uniting with 
two volumes of hydrogen, have been termed dyads, or bi- 
valent elements. 

In the third column each of the compounds contains 3 
volumes of hydrogen united with i volume of one of the 
elements of a natural group known as the triads, or, as they 
are sometimes called, tervalent elements, t i volume of each 
of these element requiring 3 volumes of hydrogen to form 
the compound. 

And, lastly, in the fourtli column the compounds repre- 
sented each contains 4 volumes of hydrogen, united with a 
fixed quantity of certain elements, which cannot be obtained 

* Some further observations on gaseous molecules will be found in 
the paragraph on the atomic theory. 

+ Phosphorus and arsenicura are, however, exceptional, since they 
combine with 3 volumes of h>drogen in the proportion of J a volume 
of their vapour. 
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separately as gases, but which are distinguished as tetrads, 
or quadrivalent elements.* 


Compounds OtP 
Momus 

Compounds of 
Dyads 

Compounds op 
Triads 

Compounds op 
Trthads 

Hydrochloric 

Acid 

HCl 

Water 

H*0 


Harsh Gas 
H4C 

Hydroljromic 

Acid 

HBr 

Sulphuretted 

Hydrogen 

HjiS 

Phosphuretted 

. Siliciuretted 
H\^rogen ^ 

Hydriodic 

Acid 

HI 

Seleniuretted 

Hydrogen 

H,Se . 

Arseniuretted 

Hydrogen 

H3AS 


Hydrofluoric 

Acid 

HF 

Telluretted 

Hydrogen 

H,Te 

Antimoniuretted 

Hglro^n 




' 



The compounds which hydrogen forms when it unites 
with any other elementary body are known as hydrides. 




CHAPTER IV. 

^ OXIDES OF CARBON — CARBON, 

(17) Carbonic Anhydride {Carbon Dioxide, or Car- 
bonic Acid)\ Symbol, CO;t ; Atomic Weight, 44; Atomic 
and Molecular Volume, CD ; Specific Gravity, 1*529; Re- 
lative Weight, 22. 

We have already seen that when a saucer containing 
limewater is exposed to the air for a few minutes^ the surface 
of the limewater becomes covered with a thin insoluble crust 

* The elements which combine with i, with 3, or with an uneven 
number of volumes of hydrogen are sometimes further distinguished as 
ferissad elements; and those which combine with 2^ 4, or an even 
number of volumes of hydrogen are called artiad elements. 
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or pellicle, consisting of chalk, which is formed by the union 
of carbonic anhydride contained in the atmosphere with the 
lime, COz -f CaO forming CaCOa. Such compounds of 
carbonic anhydride with bases are called carhona^s ; hence 
chalk.is,^led calcic carbonate, or often carbonate of lime. 
When com is heated to bright redness, the carbonic anhy- 
dride is driven off, and the lime is left behind, as in the 
ordinary process of burning limestone inft) lime, CaCO^ 
becoming separated into CaO and CO2. 

The carbonic is a very weak acid, and may be displaced 
from its compounds by almost every acid which is soluble 
in water. 

Erp. 55. — In a glass bottle, similar to that used for preparing 
hydrogen (Fig. 14), place 15 or 20 grains of chalk in small 
lumps, or of marble, which is a crystalline form of the same 
chemical compound. Pour on it some strong acid, such as the 
hydrochloric (muriatic)^ HCl, diluted with 8 or 10 times its bulk 
of water, . ** 

In this experiment the acid exchanges its hydrogen for 
the calcium, producing calcic chloride (CaClj) on the one 
hand, and carbonic acid (HzCOs*) on the other. But the 
carbonic acid is so unstable that it immediately becomes 
decomposed into water, wljch remains behind, and into 
carbonic anhydride,* which comes off as a gas with brisk 
effervescence. The decomposition may be represented as 
follows : — * 

CaCOa -h 2HCI « CaOz + H2O + CO,. 

Limestone (CaCOa), pearlash (K2CO3), sodic carbonate 
(NajCOa), and indeed all the carbonates, may be made to 

* An anhydride is an oxide whidi, v/hen dissolved in water, furnishes 
an acid, by uniting with the element^ of water ; and it must be dis- 
tinguished from a true acid, which is always a salt of hydrogen. Some 

writers are not sufficiently careful to distinguish the two classes of bodies 
from each other. The gas CO, was formerly known as carbonic acid ; 
but as it is not a salt of hydrogen, it has been foimd necessary to change 
its name for the sake of precision, and it is now called carbonic aidiy- 
dr{de,'and sometimes carbon dioxide. 
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furnish carbonic anhydride as easily as marble, when treated 
with a strong acid. 

Although carbonic .anhydride is usually obtained as a 
heavy trSnsparent gas, without colour, ^^d with a faintly 
acidulous*' taste and smell, it can be procured as |^lourless 
transparent liquid, by generating it from matej^r packed 
into a small space in a strong closed tube ; but it requires a 
pressure of 40 %r 50 atmospheres to effect this ; and it is not 
an experiment that can be made with safety by an ineat- 
perienced person. The gas is sometimes liquefied in laige 
quantities for experimental purposes in strong wrought-iron 
vessels constructed with this object When a stream of the 
liquid thus obtained is allowed to escape into the air, one 
portion of the liquid evaporates so rapidly as to carry off 
heat so quickly that it freezes the rest into a snow-white 
solid. If this be collected and mixed with ether, it produces 
a cold bath or freezing mixture of great intensity, owing to 
the rapid evaporation of the frozen gas, which carries off 
heat in large quantity from any substance nearest to it ; a 
cold estimated at —75° is thus easily attained. 

Exp. 56. — Fill three or four small jars with the gas as obtained 
in Exp. 5 5. Plunge a lighted candle into one of them : the flame 
is extin^ished, but the gas does not take fire. 

It will be remembered that other gases, such as nitrogen, 
puli out the light 

Eoep. 57. — Into another jar of the gas pour two or three table- 
spoonfuls of limewater. It will at once become milky, owing to 
the formation of chalk ; two or three drops of any strong acid 
will immediately redissolve the chalk. 

This action of the gas upon limewater is a Very con- 
venient and characteristic test of its presence, even when it 
is mixed largely with air or other gases, since tliese gases do 
not render limewater turbid. 

Undiluted carbonic anhydride cannot be breathed, be- 
cause the glottis, or valve at the entrance of the windpipe, 
doses and prevents it from entering the lungs ; but if the 
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gas be largely mixed with air; that is, if it be present in a 
quantity varying from 3 to 4 per cent of the respired air, it 
acts as a stupefying or narcotic poison, by preventing tlie 
proper action of J^e air upon the Blood as it passed through 
the lung^ fjid in this way produces death, fart of the 
bad effect experienced after remaining in crowded and ill- 
ventilated rooms is owing to the presence of unusual quan- 
tities of this gas, the true prevention in sSfeh cases being 
efficient ventilation. 

Carbonic anhydride is‘ more than half as heavy again as 
air. It is just 22 times as heavy as hydrogen, so that 
11*19 litres, at o® C. and 760 mm. 
bar., weigh 22 grams, while the same 
volume of air weighs only 14*47. 

Exp. 58 .--;AJ 1 ow the gas to pass to 
the bottom of a small jar, arranged as 
in Fig. 22 ; when full, the gas, though 
invisible, may be shown to be there, as 
it will extinguish a candle lowered into 
it on a wire, 

Exp. 59. — ^Take a second similar jar 
full of ail, and pour the gas slowly into 
it from tlie jar filled as in Exp, 58, as 
though it were water. The light will now be extinguished if 
lowered into the second jar, but will bum if introduced into the 
first. 

Many amusing experiments may be made upon this gas, 
owing to the ease with which, from its density, it may be 
transferred from vessel to vessel. It may be drawn off with 
a sjrphon, ladled out with a glass, and so on. 

Water dissolves about its own bulk of carbonic anhydride, 
forming a solution of carbonic acid, CO2 4- HjO becoming 
H2CO3. The water may be made to dissolve considerably 
more than its own bulk of the gas, if it be forced in under 
pressure. It is in this way that the so-called soda water is 
made, though the water seldom contains soda, or indeed 
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anything but the dissolved gas. As soon as the pressure is 
removed, tlie gas escapes with effervescence. 

Exp. 60. — Cause a stream of the gas to bubble briskly through 
60 or locfc. a of water, ’to a portion pf the solution of the gas 
thus obtained add a few drops of tincture Of litmus : it will be 
reddened. Now boil the red liquid for a few mintitfes : the gas 
will be driven off again, and the litmus will recover its blue 
colour. ^ 

The solution of carbonic acid exerts slight but important 
solvent powers upon mahy rocks and minerals. This action 
produces changes which, insignificant as the amount may 
appear at any given moment, yet in the lapse of ages be- 
comes very considerable, since few natural waters are found 
which are not charged more or less extensively with carbonic 
acid. 

Carbonic anhydride is largely produced in a variety of 
imporbint natural operations. Respiration, or the process 
of breathing, both in man and animals, is always attended 
with the formation of a large quantity of the gas. 

Exp. 6x.— By means of a tube open at both ends blow a 
little air from the lungs through limewater ; it will speedily 
become turbid, owing to the formation of calcic carbonate. 

Air which has been breatlied once contains from 3|- to 4 
per cent, of the ga^ 

^p. 62. — Pass a little of the air from the lungs, by meaqs of ’ 
a tube, into a gas jar filled witb»water, and standing over water. 
When the water has been- displaced by the exhaled air, it may 
be tried with a lighted candle, which will quickly go out 

Fermentation is another source of carbonic acid. 

Exp. 63. — Dissolve 15 or 20 grams of sugar in ten times its 
\veight of water, at 25® C. Add two teaspoonfuls of brewers* 
yeast, and introduce the mixture into a Florence 30 ask provided 
with a cork and bent tube for the escape of gas. In about an 
hour's time it will begin to give off a gas which puts out a light 
and makes limewater turbid. 

The briskness of bottled beer and of champagne is due to 
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the dissolved carbonic acid which they contain. Acciiients 
have often happened in breweries where fermentation is 
carried on upon a large scale, owing to the incautious 
entrance of the worknien into an empty fermenting vat 
before the heavy gas has had time to escape. The plug at 
the bottom should be left open after the liquor has run oft', 
to assist the escape. 

Lai^e quantities of carbonic anhydride are also expelled 
in tiiQ process of burning limestone in d. limekiln ; and a 
similar action occurs if limestone is found in volcanic dis- 
tricts, owing to the action upon it 'of the heat beneath tlie 
surface of the earth, in consequence of which immense 
volumes of the gas escape from craters and fissures of the 
soiL The springs of such districts are often lightly charged 
with carbonic acid, and the gas passes off with effervescence 
when the water comes to the surface. 

Much of the carbonic acid found in ordinary spring and 
river water is furnished by the gradual oxidation, in the pores 
of the soil, of the vegetable and other organic matter wijh 
which they had been before contaminated. 

Wliat is called choke damp by miners is also principally 
composed of this gas. It often accumulates in oJd pits or 
wells, and in the abandoned workings of mines. No one 
ought ever to venture into such places without first trying 
whether a candle will bum freely in the pit or shaft If it 
does it is safe, at least for a short time. 

^Vhenever fcharcoal, or any substance which contains car- 
bon, such as wood, coal, oil, or tallow, is burnt, carbonic 
anhydride is formed in abundance. < 

Exp. 64. — Kindle a piece of charcoal, and plunge it into a 
bottle of oxygen ; it will bum brUiiantly. After the combustion 
is over, shake some limewater with the gas which remains ; the 
immediate precipitation of chalk shows that carbonic anhydride 
has been formed abundantly. 

Exp. 65. — Hold a glass jar full of air for a few minutes over 
a piece of bumix^ charcoal ; withdraw the jar^ and close the 
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mouth of it with a glass plate* Add a tablespoonful of lime- 
water, and shake it up in the jar. Chalk will immediately be 
formed. The result will be similar if the jar be held over a jet 
of buming;^coal gas, over a burning candle, or over tjie flame of 
a spirit lamp. 

Two candles of 6 to the pound, in buipning, may be 
reckoned to produce about 38 litres of carbonic anhy- 
dride per hour, or as much of the gas as would be generated 
by the respiration of a map of ordinary size in the same 
time. ’ 

Although pure carhoniff anhydride is heavier tlian air, 
both the products from a burning candle and air which has 
been respired are, owing to the heat produced in each case, 
lighter than the surrounding air, and they accumulate in the 
upper part of an inhabited room. 

In ventilating such a room, open- 
ings should be made in* or near 
the ceiling for the escape of the 
impure healed air, while the free 
admission of fresh air should be 
secured near the floor.. 

Exp, 66. — Fasten a piece of taper 
to a bit of cork, and place it in a 
plate, with a little water. Light the 
tnpe^ then cover it with a widc- 
necked gas jar, and over the neck, 
of the jar place a glass gas-chimney, 
as in Fig, 23. In a few minutes the 
taper will burn dimly, and would 
soon go but ; but if the edge of the 
jar be slightly raised out of the 
watdr in the plate, air will enter at 
the bottom, and the heated impure 
air will pass off by the chimney. The course of the current may 
be watched by means of the smoke from a smouldering bit of 
brpwn paper, which will follow the movements of the air, if 
brought near enough. Instead of lifting the edge of, the jay, 
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divide the air>way^i£^^]^h the .iliimney by placing a long slip 
of card down the n^Se; a ^Jsfwnward curreait will then be 
established on one sidj^;pf the bSidi, and an ascending current 
on the other, and the ^er w® Wbrn freely. 

It is on diis prh^plet^ajt'aniall mines are often ventilated 
for a time, the tiiing dl^ded by a wooden partition 
into a downcast and ap: upca^4haft In the best ventilated 
mines, however, this two separate shafts, sunk at 

some distance from eacli other, and in one of these shafts a 
lire is'kept burning, for the purpose of producing an ascend- 
' ing current of hot air, Ventilation by means of fans driven 
by machinery is, however, botli much safer and more effectual 
in producing the necessary movement of the air. 

Carbon may without difficulty be separated from carbonic 
anhydride. 




a bulb tube containing a small piece of’ potassium. Heat the 
potassium in the gas it will soon take fire, and bum brilliantly. 
Let the tube cool, and then plunge it into water. 

In this experiment potash is formed in the tube at the 
expense of oxygen derived from the gas ; the alkali is dis- 
solved by the water, and black particles of charcoal become 
diffused through the liquid. 

Exp, 68.— Kmdle a strip of magnesium foil, by holding it 
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with the tong^ in the flame of a spirit lamp; and when burning 
brightly, introduce it into a jar filled with carbonic anhydnde. 
The metal will continue to burn ; white flakes of magnesia, 
mixed wit|i black particles of carbon, wiS be dqiosited Add a 
little d^utc nitnc aad : this will dissolve the magnesia, and 
leave tlie carbon. 

Carbonic ajihydride is n0t only absorbed by limewater, 
but It is also quickly absorbed by any alkali, such as a solu- 
tion of potash. 

Bxpn 69.— Fill a strong graduated test-tube with carbonic an- ' 
hydride by displacement, ax^ invert it in a deep glass containing 
mercury, as shown in Fig 8. Then introduce ldie*curved beak 
of a pipette, filled with a strong^solution of potash, beneath the 
edge of the tube, and blow from the lungs with just sufficient 
foice to drive a few drops of the liquid into the tube. The solu- 
tion of potash will quickly absorb the gas, and mercury will 
ribe in the tube, r 

A strong Solution of potash is in continual use in the 
hboratocy for separating carbonic anhydride from otlier 
gases which, hke oxygen, nitiogen, and hydrogen, are in- 
soluble in the potash solution. In this way it is easy to 
estimate the quantity of carbonic anhydnde in respired air 

We have thus proved by sjmthetic estpenoients that when 
charcoal is burned in air or in oxygen, carbonic anhydnde is 
formc;d, gnd we have found by analysis that the gas con- 
tains oxygen and charcoal It may be shown that it 
contains nothing but carbon a«d oxygen, and the exact pro- 
portions may be determined by means of the apparatus 
"khown m Fig, 25. 

A is a gas-holdei filled with pure oxygen, B a strong solu- 
tion of potash, D a tube filled with calcvc chloride m lumps, 

E a sheet-iron furnace containing a tube of hard glass ; at f, 
withm the tube, is a pUtmum tray containing the carbon ; o is 
a tube contaming calcic chloride, ii a senes of bulbs filled 
with solution of potash, while t is a tube filled with lumps of 
potash. 

The platinum tray with the carbon, whether m t^e form of 
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diamond, graphite, or cliarcoal, is weighed accurately at 
first Then the oxygen dried in its passage is allowed to 
stream slowly through the tube, which is gradually made red 
hot by placing glowing charcoal round it in the furnace. 
The carbon in the platinum tray burns brilliantly in the 
stream of oxygen, and becomes converted into carbonic anhy- 
dride. The tube should also contain cu^mc oxide, by which 
any trace of carbonic oxide which might be formed would be 
at once con veiled into the anhydride. This is completely 
arrested by tlie potash in the bulb tubes H, no gas but puie 



and dry oxygen escaping into the air. The gain in weight 
of H and I together shows how much carbonic anhydride has 
been fonned. d'he loss of weight of the platinum tray f 
shows how much carbon has been burnt, and the difference 
between this weight and that of the carbonic anhydride 
shows how much oxygen has combined with the carbon. 
No chemical experiment has ever been made with greater 
care than this for the purpose of arriving at accurate results, 
since the composition of carbonic anhydride is a fundamental 
(latum in all analyses of organic compounds, Tt has been 
found by repeated trials of this process that 12 grams of car- 
bon require exactly 32 grams of oxygen to convert them into 
44 grams of carbonic anhydride ; so that, assuming for the 
present the atomic weight of carbon to be 12, the molecular 
weight of a carbonic anhydride is 44, and the formula re- 
presenting its composition is CO*, 
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Jl carbon be burned in a jar of oxygen over mercury, so 
as to prevent any loss of tlie gas, it is found that the gas, 
when it has cooled down again and is measured with due 
care, is not altered in bulk. T4e carbonic anhydride formed 
occupies the same volume as the oxygen which has entered 
into its composition, so that the gas contains its own bulk 
of oxygen. 

Carbonic acid, though a weak one, forms a numerous and ^ 
important series of salts, called carbonates. Except tliose of 
the alkaline metals, they are nearly insoluble in water ; and 
all, whether soluble in water or not, dissolve with effer- 
vescence in dilute nitric acid The gas which comes off 
is colourless, with scarcely any smell; and if passed into 
limewater, it makes it turbid, thus showing it to be carbonic 
acid. 

Many of the carbonates occur in immense quantities as 
natural products, particularly calcic and magnesic car- 
bonates. 

The quantity of carbonic anhydride in the atmosphere is 
tending continually to increase, in consequence of the 
numerous chemical processes by which it is being produced; 
and it would accumulate to a serious extent, were it not pre- 
vented by a remarkable counteracting power possessed by 
growing plants. The green parts of plants, when in the 
sun^^light, decompose carbonjp acid, and lay up the carbon 
in the wood and other parts, whilst they give back most of 
the oxygen to the air, thus converting again into fuel that 
material which has been diffused through the atmosphere, 
and has,* by being burned, lost for the time its chemical 
activity. Tlie rain as it fails dissolves the carbonic anhy- 
dride, and carries it down to the earth; and the roots of the 
plants absorb it, and carry it up into the leaves, where it 
undergoes the necessSliy chemical change, so long as the sun's 
rays fall upon the plant In the rlark, no such removal of 
carbon from tlie gas and restoration of oxygen to the air 
occurs. 


G 2 
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Exp, 70. — Into a small gas jar (Fig. 26) fit a good cork, instead 
nf tiie stopper, and pass a test-tube tightly through a hole bored 
through the cork. Place the jar in a large beaker filled with 
spring Wj^ter, which has been fhixed with 
a fourth of its bulk of solution of carbonic 
acid in water. Fill the tube with water, 
and place it in the neck of the jar, having 
introduced a few sprigs of mint or the leafy 
branches of any succulent plant in the 
jar, and then expose it for an hour or two 
in direct sunshine. Bubbles of gas will be 
seen studding the leaves ; and on shaking 
the jar, these will become detached, and 
will rise into the test-tube. After a time 
the cork and tube may be withdrawn, 
keeping the mouth of the tube beneath 
the surface of the water ; then close it with 
the thumb, turn the tube mouth upwards, 
and test the gas with a glowing splinter. The wood will burst 
into a blaze, .showing that the gas consists mainly of oxygen. 

(18) Carbon: C; Atomic Wt, 12; Sp. Gr. as 

diamond, about 3"4, 

Carbon is an elementar}^ body of tlie greatest importance, 
and it occurs in various familiar forms, viz- naturally as 
diamond, and as graphite or black-lead, as well as less pure 
in the different artificial substances known as charcoat and 
coke. It is also abundant in combination : chalk contains 
not less than an eighth of its entire weight of carbon, and 
magnesic carbonate more than one-seventh. Carbon also 
occurs combined with other elements ; for it is^the cha- 
racteristic constituent of those substances which are called 
organic and are of vegetable or animal origin. 

a. The diamond is the hardest of known substances, and 
the most valuable of gems- It consists of pure carbon 
crystallised in forms derived from the regular octahedron and 
dodecahedron, and often in the form of rolled pebbles, with 
a dingy exterior, which would cause them often to be over- 
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looked by an unskilled observer. The diamond can only be 
cut and polished by grinding it with its own powder. Its 
most important use is familiar to us in the hands of the 
glazier fSf' cutting sheets of glass. Owing to its rarity, its 
high refracting power, and brilliant lustre, it has been prized 
for ornamental purposes from time immemorial. 

Diamond may be burned ,in oxygen gas, when it con- 
sumes away almost witliout residue. Twelve mgrams. of 
diamond have been found to yield when thus burned exactly 
44 mgrams. of carbonic anhydride, and no other product. It 
has never been melted. It is a non-conductor of electricity, 
though other forms of carbon^ conduct it well. When heated 
intensely in the arc of the voltaic battery, as soon as it 
becomes white hot, it swells up, loses its transparency, 
acquires the power of conducting electricity, and is con- 
verted into a black opaque mass resembling coke. 

If, Flunihago^ or graphite^ frequently from its appearance* 
called black-lead^ though it contains no lead, is another form 
in which carbon is found naturally, ^t in tolerable quantity. 
It has a sp. gr. of about 2*2, and occurs sometimes in crys- 
talline six-sided, plates. It has a leaden-grey lustre, leaves a 
streak upon paper on which it is rubbed, on which account 
the finest kind is used in making artists^ drawing pencils. It 
is a good conductor of electricity. When it is burned in 
oxygen, it always leaves from 2 to 5 per cent, of ash, which, 
however, is not a necessary part of it. The gas which it 
furnishes when thus burned in oxygen is pure carbonic 
anhydride. Owing to its perfect indifference to the action 
of oxygen at common ternperatures, it fonns a serviceable 
coating for the protection of ironwork from rust, as is com- 
monly practised with fire-grates and stoves. Graphite, when 
mixed with clay, is often made into crucibles, because they 
are not liable to crack in the fire. Molten iron dissolves 
carbon readily ; much of it separates from the iron again if 
the melted metal is allowed to cool slowly. It is then in the 
form of graphite. 
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Pit This is one of the most important natural sub- 
stances rich, in carbon. It is a material, of vegetable origin, 
which has become altered during the lapse of ages, while 
exposed, under great pressure in the strata of thft earth, to 
the combined action of water holding in solution oxygen 
derived from the air, and moderate heat. The composition of 
pit coal varies greatly according to the length of time during 
which it has been thus acted on, the older deposits being 
those which contain the largest proportion of carbon. The 
elements of which the original vegetation consisted are car- 
bon in large proportion, oxygen in smaller quantity, still less 
hydrogen, and a vary small proportion of nitrogen; but 
besides these there is a variable quantity of saline and earthy 
substances which always occur in vegetable juices ; added 
to which are earthy impurities derived from the adjacent 
strata, as well as a portion of iron pyrites (FeSs), which is 
always gradually formed in the coal When coal is burned 
in the open fire, if there be. a sufficient supply of air, tlie 
carbon becomes carbonic anhydride, the hydrogen burns 
into water, the nitrogei^^escapes chieflv as gas, and the ash 
which remains is comjiosed of the saline and earthy residue. 

. Much of the South Wales coal is of the modification called 
ailm or anthracite, which contains upwards of 90 per cent, 
of carbon, and but little volatile matter. It burns without 
flame, and witli a steady glow. House coal, such as is*used 
in London, is of a different kind. It softens when heated, 
and forms a pitchy or bituminous mass, which, causes the 
pieces to cake together. Such coal is never burned com- 
pletely, even in an open fire; but in the act of burning it 
gives off a quantity of gaseous or tariy* matter, holding finely 
divided carbon or soot in suspension. When a quantity of 
fresh coal of this kind is thrown upon a hot fire, it at once 
begins to be decomposed ; considerable quantities of the 
compounds of carbon and hydrogen are formed, and pass 
off in the condition of gas or vapour. A portion of these sub- 
stances immediately takes fire, and bums with a bright light 
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and a smoky flame \ but a laxge portion of them, when they 
pass over the glowing embers, is more or less completely 
decomposed; the carbon and hydrogen become partially 
separated from each other in a part of the fire where there is 
but little uncombined oxygen ; the hydrogen, being the more 
combustible element of the two, seizes upon such oxygen as 
it finds, or else it escapes unbumt in the form of gas ; while 
the carbon, still containing a notable proportion of hydro- 
gen, is carried away in very fine particles, and passes off as 
smoke, suspended in the heated gases. 

The formation of this black smoke may, however, be pre- 
vented by throwing the coal upon the fire in small quantities 
at a time, taking care to keep up a strong steady heat, so as 
to consume the gases as they are formed ; but this can only 
be secured by a sufficient supply of atnaosph^ric air, a con- 
dition not so easily fulfilled in manufacturing furnaces as 
might be expected, though with proper care it can be done. 

When bituminous coal is heated in long closed iron 
cylinders, out of contact with air, a large quantity of gas 
and of tar is formed ; they contnA the oxygen, hydrogen, 
nitrogen, and part of the carbon of the coal, while the 
greater portion of the carbon is left behind as a porous mass, 
called coke. Coke resembles' graphite in properties, but it 
retains all the ash and earthy impurities of the coal. It 
buriis with a steady glow, without emitting flame or smoke ; 
it is less combustible than, colil, and requires a brisk current 
of air to keep it burning. The more highly the coke is heated 
during its preparation, the more compact does it become, 
the better does it conduct heat, and the more slowly does it 
bui*n. 

Exp. 71. — Get a blacksmith to weld up one end of a wroughl- 
iron gas-pipe 25 mm. (i inch) in diameter, and 50 centim, long. 
Fit a cork and a bent tube to the open end ; put from 50 to 100 
grams of coarsely broken coal into the iron tube;* heat the 

♦ A bard glass tube may be used instead of llie iron tube, and may 
be heated in a dame, but it does not yield the gas so easily. ' 
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closed end m a common fire, and direct the gas into the pneu* 
matic trough Some tarry matter will pass over, and a con- 
siderable quantity of gas may be collected, which w ill burn with 
a bright flame When all the gas appe irs to have bor n dn\ en 
otf tike the tube out of the fiie, let it cool, and then, with an 
iron rod, detach what is 1 ft m the inside of the lube It will be 
foimd to be common coke Put somr of this coke in a small 
open clay crucible, and heat it in the lire the coke will gia- 
dually bum away, leaving nothing but a little ash 

The dense coke required for burning in the powerful draught 
created under the boiler ol a locomotive engine is usually 
prepiied hy burning the coke in massive brick o\ens, m 
each of which severil tons of coal nn be clnrred in a single 
operation, tlie ovens beuig provided, with a sliding dooi, for 
regul xting the admission of air, which pla> s over the surf ice of 
the heap and burns off the volatile matters, and so ch trs the 
whole mass at a ver) high temiici iturc, each chaigc requir- 
ing 48 hours for its conveision into < okc 

If, instead of heating coal in an iron letort, wood be 
treated in the same wajHa still laiger quantitv of volatile 
and liquid products will be guen off, and what is left behind 
IS a black porous substante, of the sime shii>e as tJie wood, 
familiarly called chauoal Wood tar, vintgai, and wood 
naphtha art among the liqu*a products, winch redden litmus 
paper strongly, but the gas has hide illuminating power ^ A 
more compart charcoal, better tuitcd for use as fuel, is made 
by burning wood in heaps A stike i> dnven into the 
ground, brushwood is placed round the bottom, ind logs of 
wood aie piled up rcguUrly around the stake I he h^ap thus 
formed is often 10 metres or more m di uneler, it is < overed 
with powdered charcoal, tmf, and earth It is thtn kmdied 
by introducing lighted fagots at openings left for the pui 
pose Large quantities of moisture are dmen off, and the 
fire spreads gradually through the mass, the admission of air 
being carefully regulated, so to cause one part of the wood in 
burning completely to char and drive off dae volatile mattcis 
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from tha rest. When gas and vapours cease ^ come off, the 
fire is extinguished by closing all the openings for the 
admission of air, and adding a thicker layer of mouM arid 
tuif. Sifbh a heap takes nearly a month to burn out, and 
never furnishes more charcoal than a qu^ter of the weight 
of the wood used. 

The gas and the liquids wliich^re obtained from the coal 
and the wood during this process, of de^iructm distilla- 
iion do not exist ready formed in these substances. They 
are the result of chemical changes produced under the. 
influence of the heat ; the carbon and hydrogen combine 
togetlier in new proportions, and thus furnish substances 
quite different in properties from the original coal and 
wood. 

Nearly all vegetable anti animal matters, when heated out 
of contact with air, furnish charcoal more or less pure. 

72. — Put a few pieces of wood into a clay crucible ; 
cover tlie wood completely with sand, and heat the whole for 
20 minutes in a Are. Gas will be ^en olT, and bum. Take 
the crucible out of the fire, let the ♦ole cool, then empty the 
crucible ; the wood will be found to be converted into charcoal. 

Charcoal gives out more heat in burning than an equal 
bulk of wood, as the moisture and volatile matters given off, 
by the wood carry away much of the heat in tlie latent state, 
Bui* in the economy of fuel it is not sufficient to consider 
simply the absolute amount of heat which a given weight of 
it emits in burning.. A fuel whidi burns with flame, is 
necessary where it is desired to communicate an elevated- 
and untfonu temperature to objects at a distance from the 
fire-grate, as in heating glass pots or the contents of a porce- 
lain kiln ; whilst in heating boilers and objects where direct 
radiation from the fuel can act fully, coke, . charcoal, or 
anthmeite is very valuable; and in an ordinary open fire these 
same fuels radiate much more heat into the room, though 
they do not look so cheerfid, as the bituminous coal, vrith its 
fitful, flickering flame. 
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.There. are other forms of carbon besides coke and char- 
coal which are manufactured for use in the arts. One of 
these is lamphblack^ the basis of i^rinters* ink, and the most 
permanent of black pigments. It is obtained by heating in 
an iron pot vegetable matters, such as rosin and pitch, which 
are rich in hydrogen and carbon. The vapours are burned 
in a current of air insuffici^t for complete combustion ; the 
hydrogen, which is the more inflammable element, bums 
first, leaving the carbon in a finely divided state. 

73 - — Set fire to a little rosin in a small iron spoon ; 
hold a cold white plate in the flame. Abundance of soot will 
be deposited upon it. The flame of a candle or of an oil lamp 
will give a similar result. 

Animal charcoal^ or ivoiy blacky is prepared by heating 
bones in iron retorts. It is used largely by the sugar refiners 
for removing colour from syrups. 

Expn 74. — ?1ace a few pieces of mutton shank or other bone 
in a clay crucible ; cover them completely with sand, and heat 
the crucible for half an hour in a common fire. Take it out, and 
when cold crush the burnt^fcones to a coarse powder. Dissolve 
25 grams of coarse brown sugar into 5 or 6 times its weight of 
water ; divide the solution into two parts, and pour one half 
upon about 20 grams of the crushed bone charcoal, and let it 
stand for an hour ; then filter the solution through blotting- 
paper. In order to prepare this filler, fold a square of paper, as 



shown in Fig. 27, first into half, and then again into a quarter of 
its first size ; cut off the edges in the direction of the dotted 
line shown in the left-hand figure, open out the folded paper, 
and drop it into a funnel a little larger than the paper cone. 




Antiseptic powers of CharemL -gt 

The liquor which runs through will be found, When compared 
with the original syrup, to have lost most of its brown colour, 
which is caused by a substance that remains adherent to the 
charcoaii Wash out the syrup ; then pour a little solution of, 
potash upon the charcoal in the filter. The brown colouring 
matter will become again dissolved by the alkaline solution as it 
runs through. 

. Port wine, porter, and many other coloured liquids may 
be deprived of their colour in a similar manner. 

Wood charcoal produces decolourising effects similar to 
those obtained with animal charcoal, though it is less power- 
ful. Charcoal, like most porous bodies, condenses many 
gases and vapours in its pores. 

Exp, 75. — Weigh a piece of freshly burned charcoal as soon 
as it is cold ; leave it exposed to the air for 24 hours, and weigh 
it again : it will be found to be heavier. Place the charcoal in a 
glass tube, and heat it over a lamp : a good (Jp al of moisture 
will be driven off, and will become condensed on the cold sides 
of the tube. This moisture was absorbed from the air by the 
charcoal. 

Exp, 76. — Place a piece of raw r^eat in a glass jar, and cover 
it with a layer of charcoal powder 25 mm. thick, and leave it for 
several days. No offensive odour will be perceived, even in the 
height of summer. 

The meat may even become putrid, but the noxious and 
offensive gases wliich would otherwise escape are absorbed 
by the charcoal, and are slowly oxidized within in its pores 
by the action of the oxygen, condensed by the dmreoal from 
the surrounding air. Shallow trays of wood charcoal are of 
use irf sick rooms, owing to their exerting this absorbent and 
purifying action upon the atmosphere. They preserve their 
power for an unlimited time, the carbon of the absorbed 
organic matter being dissipated as carbonic anhydride^ and 
the hydrogen as water. 

Owing to this absorbent action, charcoal forms a valuable 
nuiterial in the construction of filters for TOter, as it acts 
powerfully on many of the organic impurities. 
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Exp. 77. — Shake -up some stagnant water which has been 
kept till it smells offensively with a little pow<fered charcoal. 
In an hour it will have lost all its disagreealide odour. 

Carbon is indestructible by exposure, at ordinary tem- 
peratures, to the air or to water. Hence it is a common 
practice to char the surface of wooden piles before driving 
them, and to prepare the interior of casks and water-butts in 
a similar manner. 

Charcoal and the common varieties of carbon, however, 
combine rapidly with oxygen at high temperatures; and their 
attraction for oxygen is so great that carbon in some form 
or other is employed to remove oxygen from its combinations 
with other elements, particularly from the oxides of the 
metals, which, when heated witli carbon, are reduced or brought 
back to the metallic state. Hence carbon is spoken of as 
a reducing agent by the metallurgist. This action may be 
shown as follows 

Exp. 78. — Mix in a mortar 20 grains of litharge or lead oxide 
(PbO) with 40 grams of common salt and 1 gram of powdered 
charcoal; cover it with a little more salt, and place the mixture 
in a small clay crucible ; heat it to bright redness in the fire. 
Wien the mixture is melted, take the crucible out of the fire and 
let it cool. WJicn quite cold, break the crucible, and a bead of lead 
will be found at the bottom, under the melted salt, the carbon 
having taken the oxygen from the oxide of lead. 

Twelve grams of i)ure charcoal, free from ash, when 
burned in a current of oxygen, yield exactly 44 grams of 
carbonic anhydride. Equal weights of diamond, plumbago, 
and charcoal are thus shown, when heated with oxygen, to 
yield equal weights of carbonic anhydride; and though so 
different in appearance, they still consist of the same ele- 
mentary body. Many of the elements have the power of 
assuming forms which differ in appearance and properties 
quite as much as these tliree different conditions of carbon. 
Such elements are then said to assume different allotropic 

* Common diarcoal, however, always retains a little hydrogen. 



Carbonic, Oxide, 


m 

states, which, is as much as to say that in each difiereiit, 
modification, though all the atoms are alike, yet th^yjtfc 
arranged in a different way. The atoms of carbon, for in- 
stance, ♦whicli constitute diamond, are arranged veiy dif- 
ferently from those which form grapliite, and the atoms of 
carbon in charcoal are differently arranged from tliose of 
either diamond or graphite. 

Carbon unites with sulphur if strongly heated with it, and 
if heated intensely in hydrogen gas a small quantity of 
acetylene (C2H2) is formed ; but it has little tendency to 
unite with the other non-metals. Some of the compounds 
of carbon with the metals are important. Tliey are termed 
Carbides, 

(19) Carbonic Oxide: Sjfwb. CO; Atomic and Moh IVt 
28; Sp, Gr, 0*967; McL IVt, 14. . * 

Carbon forms only two compounds with oxygen, so far as 
is known. One of these is carbonic anhydride ; the other, 
also a gas, containing just half as much oxygen, is called car- 
bonic oxide. 

Exp. 79. — Fill the iron tube (Fig. 13) with small lumps of 
charcoal, instead of wdth iron turnings; make it red hot in the 
furnace, and drive Steam over the ignited charcoal. Collect the 
gas which is formed : it will bum with a pale blue flame. Shake 
up a little limewater with another of the jars of gas : it will be 
refidered milky. , 

Three gases, viz. hydrogen, carbonic anhydride, and car- 
bonic oxide, are formed in this case. These changes may 
be thij^s explained : the carbon takes the oxygen from the 
w*ater, forming a mixture of carbonic oxide and carbonic 
anhydride, whilst its hydrogen is set at liberty — 

H2O 4 * C ^ CO •+• H2; and 2H2O H- C = CO2 * 4 * 2H2* 

Exp. 80. — Mix some chalk with its own weight of iron filings ; 
place 40 or 50 grams of the mixture in an iron tube arranged 

in Exp. 71. Heat the closed end of the iron tube to redness 
in the fire : a gas comes off, which may be collected over water. 
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The heat expels carbonic anhydride from the chalk, and 
the iron takes half thb oxygen from the carbonic anhydriae, 
and forms , carbonic oxide : CaO, CO2 H- Fe becoming 
Ca 0\4 Fed 4- CO. " * 

Exp. '81. — Plunge a taper into a jar of the gas ; the light will 
be extinguished, but the gas will burn at the mouth of the jar 
with a blue flame, 

Caibopic oxide is often formed largely ;in stoves and 
ftrAjaces, owing to tli^manner in which heated carbon acts 
on carbonic anhydriae. When air enters at the bottom of 
a clear fire, the oxygen burns a part of the carbon at once 
into carbonic anhydride ; and this gas, with the nitrogen of 
the air, passes tlirough the red-hot embers. The nitrogen 
undergoes no change, but the carbonic anhydride takes up a 
further quantity of carbon, and becomes coriverted into 
carbonic oxide : C -p CO2 = 2CO, the carbonic anhydride 
being exactly doubled in bulk in consequence. This mode 
of the formation of the gas is important, because, if the 
su])ply of air to a furnace is too small, the chrbonic oxide 
passes up the chimney unburnt, and much beat is wasted, 
which would be saved if the gas weie properly consumed. 
Sometimes we see the carbonic oxide burning on the 
top of a clear glowing fire, where it again mixes with 
fresh oxygen of the air while the gas is still hot enough to 
burn. Furnaces are sometimes made to supply air jtst 
above the ‘top of the fire-grate,* so as to burn the carbon 
oxide completely. 

Exp. 8?. — Make the iron tube and charcoal, red hot, as in 
Exp. 79; but instead of sending steam through it, attach to the 
tube a botjde which is giving off carbonic anhydride steadily. 
Collect the gas over water as it escapes at the other end i it will 
bum with the blue flame which distinguishes c^bqnic oxide. 

Exp. 83. — Collect some carbonic oxide in a jar provided with 
afitop-cock ’at the top, or.fitted up in the way directed in Exp. 48 
(Fig. 1 6), with a flexible tube and screw-tap. Fasten a glass quill 
ti^be to the vulcanised tube ; depress the jar in the , pneumatic 
trough, and allow a little of the gas to escape, by relaxing the 
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screw ; set fire to the issuing gas, and hold over it a small gas 
jar. No water will be condensed on its sides ; hut if the jar be 
closed with a glass plate, and limewater be poured intd’ it, a 
white precipitate of chalk will be produced. % 

The carbonic oxide in burning becomes converted into 
carbonic anhydride \ 2 litres of carbonic oxide ^require i 
litre of oxygen for its compJete combustion, and 2 litres of 
carbonic anhydride, arc produced : 

2CO + O2 = 2^' ’ ' ' 

Eo] 0 fcS . 

There are several other ways of preparing carbonic oxide.’ 
The best of these consists in' drying the yellow salt known 
as potassic feirocyanide, K4FeC6N6, 3H3O (prussiate of 
potash), till it crumbles down to a white jjowdcr. 

Exp. 84. — Mix 5 grams of this dry powder with 50 c. c. of oil 
of vitriol in a Florence flask ; adjust a cork and a wide bent tube 
to the mouth of the flask, and heat the mixture. When tlie heat 
reaches a certain point, the gas will come off very quickly. 

In this experiment the decomposition is complicated,*’ but 
the result is, tliat the whole of the carbon of the salt comes 
off as pure carbonic oxide, while the whole of its nitrogen 
remains behind ,ds an ammonium salt with the acid em^ 
ployed- \ ’ 

Another plan commonly practised for obtaining carbonic 
oxiefe is to heat crystals of oxalic acid witli about lo times 
their weight of oil of vitriol ; but in this case the cafbonic 
oxide is mixed with an equal volume of carbonic anhydride ; 

Oxalic Acid , Water Ciirbonic Anhydride Carbouic Oxide 

H.CA - H,0 « CO, + CO . 

In this ];ffocess the oxalic acid is deprived of. tire elements 


Water 


Potassic 
Ferrocyanide 
K^FeCfiNfi + 6H,0 


Sulphuric 

Acid 

6HiSQ4 , 


Otrbonic 

Oxide 

6CO 


Potassic 

Sulphate 


+ , 21^4804 


FeiTou.s 

Sulphate 

FeS04 


Ammonic 

Sulphate 

3[(H4N)^0J. 



9® Properties of Carbonic Oxide. 

of water % the sulphuric acid, and the remaining carbon 
and oxygen pass off in the form of equal measures of the 
two ga®^ 

The carbonic anhydride may be removed by causing the 
mixture of to pass through a solution of caustic soda \ 
and the apparatus may be arranged as shown in Fig, 28, in 
which the gas generated in the flask a is transmitted through 



the tuSe B, which pa^s^s loosely througli the wider tube c 
below the surface of a solution of soda contained in the 
bottle D. From this bottle the gas passes off, by a tube the 
end of which is above the solution, into the jar E standing 
in the pneumatic trough. 

Carbonic oxide is a gas With^jt colour, but witli a "faint 
oppressive odour. It is very pOfsonous when breathed, so 
small a quantity as 1 measure of the gas in 100 of air 
speedily producing a peculiar sensation of oppression and 
tightness of the head. The fumes of burning chailtoal ow'e 
their most active poisonous property to the presence of car- 
bonic oxide, which is always largely mixed with carbonic 
anhydride in the products of a slPwIy-buming charcoal Arc. 
This gas has not been liquefied, either by cold or pressure. 
It is but slightly soluble^ lop c. c. of water dissolving about 
2‘4 c. c. of the gas. A solution of cupreous chloride (CuCl) 
in hydrochloric acid dissolves carbonic oxide gas slowly if 



On Crystallisation. 97 

agitated with it, but the gas is not soluble in a solution of 
potash. ' 

(20) Classification of Crystals , — We have had occasion to 
allude to the crystalline form of the diamond and sorrie other 
substances, and difterent varieties of crystals wili continually 
need notice. It will therefore be necessary to acquire some 
general notions of what is meant when <xystals are spoken 
of, how their different varieties are designated, and what are 
the principles on which their different forms are classified. * 
Exp, 85. — Dissolve 250 grams of nitre* in half a litre of 
boiling water, and allow the solution to cool slowly in a basin. 
Six-sid«d needles will gradually be formed in the liquid, owing 
to the separation of part of the salt. 

Exp, 86. — Dissolve some common salt by. grinding it with 
about twice its weight of water in a mortar. Pom off the clear 
liquid, and set it . aside for several days in a soup plate or other 
shallow vessel : the water will gradually evaporate, and little 
cubes of salt will be formed. 

Exp, 87. — Prepare in like manner a stiliition of alum, and 
leave it to evaporate slowly, when transparent octahedra will be 
obtained. 

In most cases, where solid bodies arc allowed to separate 
undisturbed from their solutions, they are found to assume 
the form of some regular gedmetrical solid, bounded by flat 
faces, called planes. Each substance has its own peculiar 
form^ and the regular geometrical solids thus obuined are 
called crystals. By these differences in form many substances 
may be at once distinguished from each other. The process 
of crystallisation is commonly used as a means of freeing 
salts frewn small quantities of foreign admixture \ as, for 
instance, for separating nitre from, small quantities of com- 
mon salt. The impure nitre is dissolved in liot water, and 
the nitre as it c'ools crystallises, whilst the liquid, or mother 
liquor^ retains in solution the small propoitipn of common salt. 
The principle upon which die classification of crystals is 
fou|rde(l is the symmeitry of their form. By 'Symm^tr}' is 
jllant a complex uniformity of figure \ in oihkr words, a 

^ H 
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similar two or mpjris cijrfespojfiding forms 

round' axonunicwi-contre. This, indeesd, i$ the gqwal kw of 
creation It is Sjeeri in the corre^dndencci^ ^l^al form 
of the two sides of th^ body in anitnak ; of tht fewo halves 
of a leaf on either side of its midrib in pkats j in the two 
halves of most seeds > and still more rigidly in the„constitu- 
tion Of every ciys|al The imaginary line round which the 
parts of a costal are symmetaically disposed is called the 
axis of symmetry^ or, simply, the axis of a crystal 

Select an octahedral crystal of alum, and place it with one 
of its angles uppermost ; an imaginary line» <?, Fig. 29^, pass- 
ing through the middle of the crystal to 
-the opposite angle is an axis of the crys- 
tal Each end erf* this axis is formed by 
the meeting of four sides or planes of 
the crystal Every one’^of tliese sides is 
similar to its feUows, and each is in- 
clined to the axis at an equal angle. 
Each of the four faces therefore is sym- 
metrically disposed around the axi.s. 
if any internal force act tq^h the particles during the 
formation of the cry^stal, so as to produce a bevelling of one 
^^ges of. any on^. of tlicse planes, the same cause 
will act .upon the other 'cone^ponding edges, and will pro- 
duce a corresponding modification of a symmetrical charjicter 
upon each of tlie other cowesponding edges. This regu- 
larity is, dten interferf^, with mechanically, as when many 
crystals are formed in the sarite.mass, or by the accident of 
its p6kition.:du|ing its formation , 

^ In descril^g; crystals,, several these imaginary lines are 
supposed to^ aioumf whk^^ tlteir filers are arranged. 
Generatiy sp^S^Qihgi tli^se axes may be reduced to three, all 
of which int<»:$6ct each other in the centre, of the figure, 

For the purpose of making the direction of these axes 
more easily understood; let a piece of soap be cut in -tlie 
foim of a cube, or figure of equal square sides, each of 




of CrysiaU^ 


which is 6 or 8 ceotimetresj long j ohe 

of its sides thrust a piece trf vi^t 
that it shall pass out ifk die. middle 
of the ophite side, and project w 
equally on either sidej as shown at 
a Fig. 29<7 ; do the same through 
two of the other sides, as at bb. 

These two wires will represent the 
direction of two out of the three axes 
of the cube which cross each other 
at right angles at its centre. Now 
repeat the process on the remaining 
two sides. The third axis of the cube will be represented hj . 
this third wire, wliich will be at right an^s to both the others^ 

F'g- 30- -v Fig. 3 ®, ; Fig. 3 a. , 




Fig. ^ 


Twist a piece of thread round the end of one of the wires, and 
connect each point of the wires in succession with e|ctf of 
the four points nearest to it, stretching the 
thread across from one to the other. An 
outline of the regular octahedron will thus 
be formed. Take another cube of soap, 
and pare oiT each of its 8 comers, as at 
Fig., 30, by a plane inclined equally 
tb%ach of the -three adjacent faces of the 
cube. If these new faces be ' gradually 
enlarged by continuing to pare.away the corner^ as shown in 
the Figs. 31 and 32, the cube will by degr^s be cohveited 
into the octahedron (Fig. 36), an. 8-sided solid, in which the 
three axes of the cube; a a^ a a, a a, end in the six sc^id angles 
of the octahedron. If in tooSier cube of so£p the 12 edges 
' 'ri 2 



too First and Second Systems. 

of the tufie be pared off so as to form 12 planes, ft, ft, Fig. 33, 
sloped equally towards the adjacent £iceSj the cube* will 
graduafly be converted into a regular 12-adcd figure, the 
rhombic dodecahedron (Fig. 34), which is also synflnetrically 

F^. 34- 35* Fig. 36. 



arranged around the three axes of the cube (Fig. 35). These 
three forms, the cube, the octahedron, and the rhombic 
dodecahedron, being formed around a simiUu‘ set of axes, 
are said to belong to the same system of crystals; and 
this particular system is called the regidar or cubic system. 
All the different known forms of crystals have been ar- 
ranged'-in one or other of six such systems or classes, 
viz. : — 

«st. The regular or cubic, distinguished by possessing three 
axes equal in length, crossing each other at right angles. 
Common salt and fiuor spar, which crystallise in cubes, alum 
in octahedn^ and garnet in the rhombic dodecahedron, are 
examples of this class. 

.2nd. The square prismatic or pyramidal ,^ — In this system 
Fig. 37. Fig. 38. Fig. 39. 


A. 



A 
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there are also three aates, whkh cro^s ^ch other at r^ht 
angles ; two of these axes are equal, but tlie thittJ or prin- 
cipal axis is either longer or shorter than the others. The 
forms of !his system are either (i) the octahedron (Fig. 57), 


Fig. 39 Fig. 40. Fig. 41. 



such as potassic ferrocyani(Je, which sometimes loses' the 
j)uinted terminations and becomes shortened into the form 
of a table, or flat, plate ; or (2) the square prism, sometimes 
ending in the faces of the octaliedron, as tin-stone (Fig- 40). 
TJie base of the octahedron is shown in Fig. 38, with its two 
ecjual axes, a a, a a, terminating in the angles ; but there are, 
octahedra in which the two axes terminate in the middle of 
the sides, as shown in Figs. 39, ^ga, in which, in Fig. 39, the 
principal axis, c c, is seen intersecting one of the others. 

3rd The rhombokedral or hexagonal system. — ^There are 
four axes in this system : three of these in the same plane 
or flat surface ; they are equal in lengtli, and cross each other 
at angles of 60®, as shown in Fig. 41 ; w’hile the fourth or 

Vig. 42 - Fig, 43. Fig. 44 i 




principal axis crosses the other three at right angles, and 
may be either longer or shorter than they. The six-sided 
prism, like beryl (Fig. 42), and the rhombohedron, such as 
Iceland spar (Fig. 43), are the most important forms, some- 
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F&urth and Fifth Systems. 


Fig. 45 » 



toes the double which 

ten^^ the oystals of quotas 44). ' " 

4tlt system. — In this tore a^e ttojeeasccs, 

jiA, B%. c Q /SiH unequal in length, but 

Fig. 47, otor < a| Tight 

A> * angles. iTwo of 

them form a 
rhombic base 
for the prism or 
A. octahedron, as 

town in Figs.; 45, 46, 47, the 
dimensions of the rhomboii^ 
varying according, to the length 
of each pitt of axes indu<ied 
in the section. V 
Fig. 48 represents ah octahedron of tiis “^tem, to which 
sulphur crystalKsed in the coid belongs. Fig. 49 represents a 
tabular prism of this class. ' 

5fh. The e 6 ltgue jsfystem.«^In !this there ore three axes, 
which, toy aU’dito: in length; two bf, them cross each 
other obliquely, as is ^own in the principal section ot 
the octahedron (Fig. 51), while to other crosses them 
perpendic^ as town in Fig 52. 
iTte ’'.octahedron itself is seen at Fig. 50. 

, , The lumdpal forius are the oblique rhombic 

r^ So- Fig. 51: 



p 

'T 

ir 

,c 

1 

:r 







prism, imotodatitm is^secn at 52^?; Sulphur 

crjitallised^^ ftoOUi tom sulpb^^ and bom Belb?^ to 
thissystemV 



Sixth System'^ I sonwrphtsnu I03 

6th. The dottbly oblique b>stem. This is the nio^t cou^ir 
plicated of the whole senes. Ihe thiee axes may all differ 
m lenjtth, and they cioss each other obhquel>. Cupnc 


Fig. 52. Fig 52A 



sulphate and bismuth nitrate offer good examples of 
the doubly oblique prism, one modification of which is shown 
in I'lg* 53» while the octalM^dron is seen in Fig. 54. 


1 53 * Fig. 54 



Inorganic bodies which are destitute of crystalline form 
are said to bt* amorpAou^. When, like (-irbon, they cijstallwe 
ill foims whicli belong to two distinct crystalline systems, 
they are said to be dumiphous ^ and when with a similar 
chemical composition they ci}rstalh5e m similar formi», as i^ 
the case with the arseniales and phosphates of the same 
miAtal, or the sclcniates and sulphates of the same metal, 
tl»c7 are siid to be tsmmrphmis 

Note --.-A is a solid, the lateral edges of which are parallel, 
and Uk terminal ])Ianos of wliuh are abo pafollei Pnsms which stand 
|feij>en<ttcul uly when resting on then h4u»es are called pnsttis, those 
which incline from the perpendicular art called oblique pnsms When 
the base w a rliomb, or a rhomboid, U is oalled a thoml*c pnsm , and 
a rhomhokdibn is a six Wed solid, all the sides of which are formed 
bv rhoml>s>, a rhomb being a plane figure with font equal paralU sides 
but the angles of which are not njit angles, wdiile a Aomboid is a 
cnnilar figure m which one pair of sides is longer Uian the othei jjair. 
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CHAPTER V. 

OXIDES OF NITROGEN— NITRIC ACID — ^AMMONIA. 

{21) Nitric Acid : Symd. HNO, ; Atomic IVt. 63 ; .S>. 
of liquid^ 1*52; Boding PL 84*5° C. ; Freezing PL about 

- 40® C. 

The attraction of oxygen for nitrogen is but feeble ; tliese 
gases do not easily combine together, and they remain mixed 
together without change and under great variation of con- 
ditions in atmospheiic air. Ncverthelt‘ss, ti ue ( hennciil coin 
pounds may be formed between them, dificnng entirely in 
properties from the bland mixture which we bi eathe at e\ ery 
moment As in many otlier cases wheie the attuction 
between two elements is w^eak, nitrogen forms with oxygen 
several compounds, not few^er tlian five being known ; they 
contain x, 2, 3, 4, and 5 volumes of oxygen resiiectuely, 
uniting in each case with '2 volumes of nitrogen. 

Thc^e com]>oiind.s have been named — 


I. Nitrous Oxide • 

. N,(> 


2. Nitnc Oxide 

. N,0, or 

NO 

3. Nitrous Anhydride . 

. N.O, 


4. Nitrogen Peroxide 

• N.O. or 

KOa 

5. Nitric Anh> dude 

. N.O, 


The thud of these oxides, when dissolved in water, 
nishes nitrous acid (HNO*), for 

H,f> + N^Os = 

2HNO,; 


and the fifth yields nitric acid (UNO,), since 


H*0 + NA = 

aHNOj. 

< 


Nitric acid is one of the most important acids known, lit 
WMS formerly called aqua-fords (strong water), from its cor- 
robiv e action and power of dissolving the metals. 

Tiaces of nitric acid are always formed when a discharge 
of electricity passes through moist air, so that rain w^ater 
generally contains a trace of this acid, owing to the action 
of lightning or atmospheric electricity. But in tropical 
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climates, particularly in. some distnUs" of India^ potassi^ 
nitrate, and in Chili sodic nitrate, is found as an efflorescence 
upon the surface of the soil. It is from ope of these salts 
that nitrie acid is extracted for use in the arts. The opera- 
tion may be conducted on a sm^dl scale as follows 1— * 

Exjt, 88.— In a retort, a, Fig. 55, wJnqh wilUjold 3 : litres place 
half a kilogram of sodic nitrate,* and potir over it an equal 
weight of cpncentratcd sulphuric acid. Adjust the tetort to 
Liebig's condenser (Fig. 1 1), or even to % long straight tube, as 
shown at and cover the upper part of the retort With a tinplate 


FiS* 55. 



cap, c, for the purpose of keeping the body of the retort hot, 
and distil tlie mixture carefully over an Aigand gas-burner, 
collecting the intensely Corrosive acid lic|uid in a cooled by 
ii^ersidti in a pan of water. This experiment is best made in.an 
ouwiouse where there is a free current of air. Red fumes come 
off, and a straw-coloured liquid distils over, which isf concentrated 
nitric acid, or hydric nitraU^ as it is now sometimes. call0. 

In this distillation the kind of change called * double 

♦ In making the acid, smaller quantities may be used;\aiid Wdtpetre 
or nitie (the poiassic nitrate, KKO^) may be employed instead of scSdic 
oittate* 


ti06^ ‘, .. ■ Ike^^mtim o/ Sex&c Nkriae. 


; pa^ of the |(.}^drc^ of Ae 
sulpkotio!. 'place a oHTesptiiajdtpg .'at&ount 

nm^/ fcH3Bit%' hyilric sodic 
is^ not volatae,t«iiShfes jn •Ac reton, 
while the' ft^' vdatale tutnc add 'distils over when heated. 
The.db»aiHf»sition my he thus represented : 


Sultilia^''Aidd ■ '^^Kitnte . 

» H4^64- . +' ',;NaNO, . 

j xa,+ s2 + iS*4 . 33 +t 4 >i 6 xj. 
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Hydric Sodi<: SulpSwtt ’Nilrit Acid 

NaHSO^ + HNO, 
03+1+32+16x4 f 4 * 14 + 16x3 

120 63 


This i^an df ot>tainiag nitric add from one of its metallic 
salts affords iis^ood instance of the method adopted generally 
when volati3|^;liicids"tvbkh can be distillW without suffering 
decotr^sldon are required,. The weaker and more volatile 
acid lain sudi cases displaced, like the nitric, by the stronger 
and less volatile acid, such as the sulphuric ; a|\d in the 
process 'the. hydrin of the stronger acid changes place 
wiA the metal contained in the salt of the acid' sought. 
The ordinary acidsji it. must be rememl>ered, are always jir//r 
hydrogen . : ' ■ 

When nitric acid ’is distilled In glass vessels, the quantity 
of jmlphuric add doulde that required bj" ilie luanu* 
facturer, who employs a large i'*’on cylinder, the upper part 
of wbicj^ is lined fireclay to protect it from the artion 
of the acid vapourf; bnt it squires a higher /heat to drive 
off the nitric acid., . 

In faci sulphuric acid forties two different salts with 
sodiatUy one of which, is an add sulphate, and th# oth^a 
sulphate i the n^JUtral sulphate coniaining twicl^s 
much sociimn as the pthet The acid/«vilpl)4te, or hydric 
sodid sulphate (Nil^O^) is very soluble and regdily fusible, 
so that it can be -extracted from the glass retort without risk ; 
while the neutrid su^^hate -^Na^SO^)- is less ^{uble,,, and 
cannot be ihdted in glass ves^ls. ? , •* ; 

When sodic ntostte and sulphuric acid are tra«^ th die 
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proportion of equal weights, the whole of the nitre is decoii^ 
posed in one st^e; the acid salt only is obtained^ and nitric 
acid comes over at a low temperatutJe; half t^e hydrogen 
only of the bulphuric acid being displaced hy sodium. The 
change is represented by the equation already given— 
H3SO4 + NaNOa NaHS04 ^ HNO3. 

But if the nitrate be mixed with half itss.|fe!ght only of sul- 
phuric acid, the decomposition takes place in two stagedf 
instead of in one. In the first of these, hafthe nitre only is 
<]ecom]>osed, hydric sodic sulphate beit® produced at first, 
as> before, and a gentle hea^ is sufficient to distil over this 
first half of the nitric acid — 

H^S 04 4- aNaNO^ ts; NaHS 04 + UNO^ NaNOs- 
As soon as the first half of the nitric add has come over, the 
heat must be increased; the acid sulphate will then begin to 
act upon the undecomposed nitre ; the second lialf of the 
nitric acid is now formed, but i.s jiartly decomposed^ par^ 
ticulaily towards the end of tlie process. The whole of the 
sodium remains in the retort in the form of disodic sulphate, 
or the neutral sulphate. This second sStife the distillation 
may be represented by the following equUtipn — 

SoduNitTM, Hydno Sadie SttlphaM KitfieAcid Sodit Sulphate 

NaNO, + NaHSO, •-» HNO, + K.i,SO«. 
THie acid which is distilled in tlds way has a yellow colour, 
owing to tlie presence of one of the lower oxides of nitrogen 
in solution ; but the pure acid is quite colourless. Its exact 
analysis cannot easily be made. It is very easily decom- 
posed. •The sun's light' causes it to change, and give off 
oxygen gas, while the acid becomes yellow or brown. It is 
a fuming intensely corrosive liquid, which stains the skin of 
a permanent yellow. It freezes at about — 40® C., and 
begins to boil at 85*5® C, 

Nitric acid is a powerful oxidisbg agent 
£:ep, 89.— Place a little warm powdered charcoal in k stnall 
saucer, and pour over it about a teaspoonful of the strongest 
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nitric acid from a test-tube fastened to the end of a stick ; the 
charcoal will bum with sparks. 

Exp, 90. — Fasten a test-tube to the end of a siick» and mix in 
the tube about 2 c. c. of nitiic acid with an ociual i4';icasure of 
concentrated sulphuric acid Place about 2 c. c. of oil of tur- 
pentine in a small cup, under the chimney, and pour the acid 
into the turpentine at arm’s length ; the mixture will burst into 
a blase. 

* EAp, 91. — Mix tlfe strong acid with about an equal bulk of 
u*atcr ; pour 2 or 3 c. c. of the mixture upon a few copper turn- 
ings : dense red fumes wjII be given off, and tlic copper will be 
dissolved, forming a blue solution oi cupric nitrate. 

Iron filings, tinfoil, and many other metals, wlicn in a 
divided state, are acted uj on by nitric acid with almost equal 
violence ; indeed, tliis acid dissolves or attacks nearly all tl»e 
common metals, except gold and jdatiniim. 1'hc mode oi 
its action varies according to the temperature and the 
degree of its dilution wnth xvater. Usually it acts most 
powerfully when of a sp. gr. between 1*25 and 1*35, or when 
the strong acid is mixed mth from two-thiuls of Us bulk to 
an equal bulk of water. 

Actio/r of Metals m Adds , — Wien tlic common metals 
are presented to any of the stronger ac ids a brisk action 
fre<iuently occurs, accompanied with escape of gas. In all 
but a few cases the fiist action of tlie metal consists in set- 
ting free the hydrogen of the acid, which is replaced by the 
equivalent cpiantitv of the njelal, thus forming a salt \ for 
example, zme and sulphuric acid yield hydrogen and zincic 
sulphate-^ 7,11 4- HaS04 = Hz -f ZnSO^. 

It is not always, however, that the hydrogen thus c^isplaOed 
is evolved as such ; if the conditions be fa\ouiable it often 
reacts, at the moment of liberation, on the excess of add 
present ; thus, by the action of copper on strong sulphuric 
acid, which only takes place on heating, no hydrogen is 
evolved, but cupric sulphate, water, and sulphurous an- 
hydride are formed-— 

Cu -f 2HaS04 ssr CUSO4 + SO* 4- 2H*0. 
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This reaction doubtless occurs by two "stagest at tibe first 
cupric sulplmte is , fomied and hydrogen lil^eratfid--. ’ v 

^ Cu CuSO^ *4“ ^29 

but this hydrogen, which has no appreciable resaction on'Cd|4 
sulphuric acid,, is able to attack the strongly heated acid, and 
at once deprives it of a portion of its oxygen, reducing it to 
sulphurous acid, which fiirthfer splits up *into the anhydride, 
and water : 

H^S04 -h *5 H^SOai H,SOa - H^O -f SO*. 

Nitric acid being a i>ovverful oxidising agent, i.e. a body 
which readily gives up oxygen, never yields free ’hydrogen 
when acted upon by metals, but is more or le^ reduced 
(deprived of oxygen) by the nascent hydrogen. ^ 

Exp, 92. — Act upon zinc or iron with dilute sulphuric ac^ 
and collect the gas evolved ; it will burn on the application of 
flame, and is, in fact, hydrogen. Now add, drop by drop, 
dilute nitric acid ; the evolution of gas ceases, but the metal 
continues to dissolve ; the hydrogen with the dements 

of nitric acid to form water atid. aiftmoBw' The latter may be 
detected at the close of the experiment i>y ^dingsodic hydrate 
to alkaline reaction, and heating, when; tjje smell of ammonia 
will be apparent. , , 

llLe successive reactions wliich, may be supposed to occur 
in the production bf nitric Oxide, for example, by the aeddri 
of copper, or mercuay, on iiitric acid will be evident from 
the follo^dng equations : 

1. Cu 4- ^HNO^ 5=ft ; CuzNOa + H* 

2. 3H2 -h 2HNO3 % 2NO H- 

Collecting these in one we obtain Us expression, irf 4 be 
entire reaction-^ ; 

Copp«!r NitncAcid Nitirie Oxide' ;'Ciipric Nttmle • ' Water , . 

3 CU + SI'INOj ,2N.0 + 3 Cu 2 NOj 
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but it is evident fh^ this equation atTotds no insight into 
the course of the reaction. 

^ The primary reaction of a metal on an acid may be con- 
sidered identical in all cases, and to consist in the formation 
of the corresponding salt and hydrogen ; the secondary re- 
actions which occur, which generally consist in the reduc- 
tion of a portion of the acid, depend entirely pjn the nature 
both of the acid and the mctil employed, on the stite of 
concentration of the acid, and on the tem))erature at which 
the reaction takes place. Thus by the action of various 
metals on nitric acid we may obtrfin at will either ammonia, 
nitiogeu, nitrous oxide, nitric oxide, or nitroceii peroxide, 

^ By the action of metallic oxides on nitric acid the cor- 
responding nitrates and water are formed — 

CuO + 2HNO3 - CU2N03 4 HiO. 

the nitrates are all freely soluble in water; when heated 
.they dccomix)se, leaving a residue of the oxide of the metal 
and giving off oxides of nitrogen and oxygen ; when thrown 
on red-hot charcoal deflagration (or burning with violence) 
ensues owing to the jfjgpidity with Which they gi\e up oxygen 
to the burning charcoal.* 

(22) Ot/fcr Oxitkt.jf Oxidk (01 

Ntfrogm JMifoxidc ) : N^O ; Atom, and MoL IVt, 44 , 

MoL Vo/, f I Gr. 1*527 ; jRd, IVt, 22, 1 

If pure nitric acid be neutralised by auunonium carl)onatc, 
and the soluticm be ev^oratod to dryitcss, a soUd white salt 
is left, ammonium nitrate (H4N', NO3). 

EAfi, 96. — Heat a small <ju.intity of this sail in a test-tube: it 
w ill melt, and, if heated more btrongiy, will appear to bail, giving 
off a considerable quantity of steam, and will at length be 
wholly dissipated. If a cork and bent tube be adjusted to the 
mouth of the test-tube, a gas may be Collected over warm water. 

The aiMinonium nitrate is entirely decompO'ted l;iy heat 
into w^Siter and nitrdhs oxule gas, H4N, NOji becoming 
* For deteetJun of Nitric Acid, sep AiTjamdiX. 
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+ NaO. Nitrou$ oxide gae m <JoteiirtessitOi»dl»^ 
2iiaid has a foint sweethh s^eRJaiMi 
fpr ihe support of hjfe, huti^ W l 4 ir«iath«i 4 for^a^time i ^ 
it ex«rt3*a rematMie actioo upoo the .brain and 
If re^nrcdin a pure sify^td^ it prociwaos transient indelibility, 
and i$ in conaeciuence samedmes administered to ffeaden 
the p4‘in in surgiaal operations. If it be mixed with ait, and 
breathed fer'a fewnjinute^ it occasion^ a pecitliar kinc| of 
intoxication, often ^attended wjth uncontroflabie lauj^htW:* 
Dris has given to the compound its poputet pame of laughing 
gas ; the effect soon passes oft. 

Many bodies bum in lutious oxulc nearly as bnghdy ps 
in OX) gen ga^ tiic nitrous oxide being decomposed into itsf^ 
elements by the burning body, 

Exp. 97.— /ill a small jar with the gas, and thrust into it a 
sphiiter of wood of winch the end is still glowing brightly^! It 
will burst into flame. 

Exp. s<nne sulphur in a deflagrating spoon; kindle 

the sulphur, dnd when burning briskly mtioduce it into the gas : 
It wnll bum with a p$le roso-coloutnd flame. 

£xp. 99.--^iIalf fill a tesib-tube with gas> o\cr water. Qose 
die tube under water firmly with the ihusnb, and then agitate 
tne water and gas together. On removing the thumb under 
ivater, a considerable iwsb of water il»ui|^he tube will occur, as 
the gas is soluble in about its Own Volamc of cold watci. By 
this ^ucumstance the gas is easily distinguished from oxygen. 

Nitrous oxide contains its oiiyn vtbltitiie of nitre^en united 
with half its rolum<^ of oxygen, the tliree measfii:e«% which 
the two gases acoujrfed i^hen separate becoining condensed 
into two-measuies by combining— 

+ © = El- ’ ' 

If tile gas be i^lxe4 with iti dwn bulk of hytirogeu Ip ^ 
(futiipnele?’. and tiie eleetric be passed, an ealg^cm 
^ bulk of the|;as 'mil be reduced to eic«ui!%i||sne. 
bait a, jew dro^ of water will be formed, and pulb' 

^ bulk to tbe nioous oxide euip&jvd^ 
+ H» becoming N. + H4O. 
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Nitric Oxide; Symk NO; Atojnic and Mol, Wt 30; 
Sp, Gr, 1*039; Rd, Wt, 1$ ; Atomic and Mol, Vol, | [ \ , 

Exp, 100. — Dilute nitric acid with water until H becomes of 
the sp. gr. I ’2, and pour about 60 cub* cenlim. of it upoft 15 jijfam-i 
of copper clippings, contained in a retort : the retort becomes 
quickly filled with red fumes^ and a colourless gas may bo col- 
lected over water. 

In this experiment 3 molerailes of copper and 8 of nitric 
add being concerned, whilst as the result, 3 molecules of 
cupric nitrate, 2 of nitric oxide, and 4 of water aie formed, 
as shown in the equation : 

3CU + 8HN()^, 3(Cu2N03) + 2NO + 4ILO. 

Other metals, such as mercury, may be substituted for 
copjicr in this reaction, anti the gas will still be fonn<*tl 

Nitric oxuld lus a strong di&xgreciible odour ; it cannot lie 
brodtheih oven in very small quautily, without j>ro(iucjng an 
instant feeling of sufiocation. It is very slightly solulile in 
ivater; but its most icmarkabJe pro])cuy is lU strong ten- 
dency to combine with oxygen. 

Exp, 1 01. — Allow a bubble or two of ihe colourless gas to 
escape into the air : dense browmbh-rej fumes are immediately 
foi ined. 

These fumes are always pniduced w'heii tht‘ gas is fust 
prepared in the flask, owing to its action on the oxygen ol 
the air contained in it ; they consist of a mixture of nitrous 
anhydride and of nitrogen ])croxide, and aie fieely soluble in 
WMter, with which they form an acid liquid. This change of 
colour, product d by mixing nitric o'ode with any gas con- 
taining free oxygen, often attonis a convenient means of 
delecting small quantities of oxygen when present in admix- 
tuie with other gases, such, for instance, as coal gas. 

E^p, 103 . — TiU a smaU gas jar with water coloured blue by 
means of tincture of litmus, and pass up into it sufficient nitric 
oside gas to fill about one-third of the jar ; the litmus will apt 
change m colour. Now allow a few bubbles of oxygen to pass 
up into the nitric oxide ; deep red fumes arc formed, winch are 
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quickly di5Sol^(^^lid‘ jsoluticm / If t^th 

tlie oxygen ^md oj^e Be pure, k p^(^i^e,:;bj|r cautiously 

adding the oxyg^ito >^use a complete absoi|^nof both gases. 

Many Combustible bodies, if strongly heated, bum well in 
this gas ; but they are extinguished if not heated sufficiently 
to begin the decomposition of the gas ' sepamting Ae 
oxygen from the nitrogea , 

Exp. io 3 .--^flace apiece of dried phosl^onis in a deflagrating 
spoon; kindle it with a hot wire, and instantly hkro&ce tlm 
phosphorus into a jar of nitric oxide : it will be ektulguished. 
Again draw it out into the air : it will burst intb flame.' When 
burning briskly, again put it into the jar of gas ; it will now bi<m 
nearly as vividly as in pure oxygen. 

Nitric oxide, in contact vrith stroi^g nitric acid, is im- 
mediately fesolv^ by it, The acid becbnies fi^st yellow, 
and, if more gas be addec^ ultfenaiely green. It is also quickly 
dissolved by a solution of ferrous sidphate, forming an intense 
olive-brown liquid. This fact is often taken advantage of in 
testing acid or for nitrate 94)* 

Njtrid oxide contains equal bulks csf its component gases : 

1 lihe of oxygen, when united with t litre of nitrogen, forms 

2 litres of nitgc oxide — 

® ISl ~ 

the gases having united without undergoing any.change in 
bulkf 

If potassdum or heated in the gas with parpper tiare, 
the oxidised^ ja^nd exactly half the quantity if drq gas 

employed is left *Bhs residue is found to be pure nitibgen. 

Nitric Oxide has nev^ been liquefied, V; ' 

Nitrous is the thiid in the series of fte 

oxides of nitrogesiif II fitay i>e formed by mixing 4 measurers 
of nitric oxide with i meagre of pxygen, when deep red 
fumes are producedi^ ilFhese furnish an aJiSd liquid when 
dissolved in '' ^ 

;• N,03 ‘-h'' 

This acid, the idtrous^ when neutralised by bases, 
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a scries of sslts, called nitrites ; but they are of little prac- 
tical importance 

Peroxide {NOa or Na04) is the fouith term of 
this remarkable series of oxides. It is most casil)e]>rocured 
by heating lead nitrate in a glass tube. Deep red fumes aie 
given off. These fiimes may, at a low temperature, be con- 
densed into a red liquid, and, if quite free fioni water, may 
even be obtained in crystals. The lead niti ate yields oxygen 
and lead oxide, ps well as nitrogen peroxide, 2(Pb2N03) 
becoming ^PbO + ^N404 + Oa. {Sec Ajiptndix.) 

<(^3) AM 38 t 0 KU: Symb. Vi Atomic Wt. Atomic 
(XidMol f [ i } Sj>, Gr, 0-55; ReL IVt, 8'S. 

Nitrogen and bjdrogen cannot be made to unite directly 
with one another, but they combine mdirecUy under various 
circumstances. Only one compound between them (an lx- 
isolated, and this is the wcU-lcnown volatile alkali ammonia, 
or hartshorn. 

Exp, 104* — Heat a tuft of hair in a test-tube . ii will become 
browi^ and will give off a few drops of an offensively smelling 
liquid, which will hv^ediaiely turn a piece of reddened litmus 
paper blue, owing to"me formation of ammonia. ^ 

Shreds of bonie, of Jlljry, of tstnglass, of hom, of jiarchmcnt, 
of feathers, or of »lk, ^md most other animal bodies which 
contain nitrogen, when thus decomposed by heat, give Dff a 
nrixtnre of various compounds of ill-odour, among winch 
ammonia, in greater or less quantity, is always present 

It was by the distillation of substances of this kind that 
amirionia w^S lormeriy exclusively procured, but now it is 
usually obmhled from the waste liquors coliectecl during the 
distillation ofcoal.in the manufacture of gas, since all coal 
contains small ytantiries of compounds of nitrogen, whicli 
furnish ammomn whed distilled at a high temperature. 

Whenever moist ti^nimal substances putrefy, ammonia is 
amongst the pioduqtn* St js abundant in^stale urine, as well 
as in guano^ which is the decomposed excrement of sea-fowL 
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Lxp, lo;.— Mix intimately 3 rf fine kinx lUinga a 

mortar >vith o 2 giam of caustic fK>tash ; introcUice the 
into a test-tube, to the mouth ol wlucb a and a heat <;[ul9 
tube are attached. Heat the mixture hn a Btmsen i 

gas will escape, and may be coUafcted oveif ws^ter m a 
It burns with flame, and consists of hydrogsin. 

At a high temperatuie, the iron displaces hp&toi^ from 
the caustic potash — 

5 h'e + 2 KIiO ^ + K 2 O + JSE:|# ^ 

£xp. 106 — Mix 3 grams of iron filings intteatej^Wth 0*3s 
gram of nitre. Heat the mixture and collect the jpis ifi befeie : 
It will not bum, docs not tender hmewater m4Hyt 
nitrogen. % v 

'1 he lion has combined with tho oxygen 
is ioimtd, and nitiogcn is liberated-— U ik 

SFe -h 2 KNO, « sFeQ + K^O 4- 

JJx p 107 —Mix 6 gi iims of iron filings witho"2 gram of caustic 
potash and o 2 giain of nitie, and heat the mixture in a tube. 

The gas which now comes off |ms the pudgemt smell of 
liartshom , it is strongly allrnttiie, and ii|ji4edi«fcely restoifes 
the blue <olour of reddened Utous. l#the rehttioti ivhidv 
takes pi ice, rfie 'hydrogen ^n4 the i ^ly etu ^ the moment 
that each is set fiee* Sense <mp upon meothet^ end amrnoma, 
is foraied — 

81 eV 6KHO 4 - sKNO^ « 4r -f 

Tiaces of ammonia exist in the and are 

brought down in ram and dews to the surface of the earthr 
In tlic ruifcting of iron, and^n almost every other process of 
oxidation when mois^reNis f^esent^ small quantities of 
ainmonu are formed. 

The common mode of piepariog ammonia for e*perft»ent 
consists m heati^ one of its coxmxirM the 

sulphate or the hydroc blorate, with a. Stfong base, |ikise« 
The lime coiiibmes with the and seta the 
liberty. 
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pxp. io8.-f-Ptw4cr finely 30 grams df saj ^wntiittoiiiac, and mix 
it witii 20 gram$ of finely powdered lime : tlie pnviigcnt fmes of 
ammonia immed^?itely to escape. 
Place the mbcti^ ht a flash provided 
with a cork and a drying tube filled 
with quicklime and attached to a bent 
tube vFig» 56)* Apply a gentle heat, 
and amrnoniacal gas voU be liberated. 

Ammoniacat ga,$ is very soluble in 
Water, which at xs®C. dissolves up- 
a^ards of 700 times its bulk of the 
gas ; ho that it cannot be collected 
over water without being absorbeil 
It may, however, be oollected over 
merrury. 

£jkp. 109.— -Fill a strong test-tube 
with mercury, close it with the thumb, 
and invert it in a small basin of 
mercury over the end of the gas-tube. 
llubbl$^ of gas will rise in the tube, and will displace the 
mercury. 

Ammonia is mucli lighter tlian the air } and this fact may 
be taken a<Ivantage as to collect it m a flask or bottle, 
by upward displaced 3 |l^ as shown m Fig. 56 — 

2(H^N, HCl) + CaO nt CaCla H *0 -f 2H3N. 

It may easily be ascertained wlieh the bottle is full o! the 
gas by the brovwi colour given to a piece of diy turmeric 
paper bixwjght near to the mouth. 

Ammonia is a* gas which has no colour’} it has an intensely 
pungent odour, and bfrings tears into the eyes. It has an 
acrid taste. It is a strong stimulant to the nerves, and, in 
tlie form of smeUing-salts, k used to check feelings of faint- 
ness. It is powerfully alkaline. 

Sxp. no. — Place aihUe sohitiofi of IximuS, fieebly reddened 
by the addition df a drop or two of afty acid, in a basin ; careftilly 
raise the flarfk foil of aaiptronia gas fron^j titegaS-defivering tube ; 
close the flask with the thumb, plunge the mouth undei^ the 
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solution of litmus^ and udthdraw the thumb ; thfn liqtdd iHB ra$li 
rapidly 4nto the the ammonia gu$ be absturMd^ qnd 
the red liquid will become blu6 
Ammonia neutralises the moat poweiftl add$» and forms 
with them an important series of salts, aome of whrcSi will be 
noticed when speaking of the salts of the metals of the 
alkalies. Any voUtile acid, when brought into an atmc^ 
sphere containing ammonia, produces a white cloud, by com- 
bining with the ammonia and forming a white sohd salt. 
This property is often used to detect small (ju^tities el* 
ammonia, * 

Exp. in.— Mbc common hydrochloric acid with heif its bulk 
of water; dip a glass rod intq^he mixture^ and hold it near the 
mouth of the flasfc whieh is givmg off ammonia. Dense white 
fumes of sal ammoniac will appear around the lOd^ " 

Gaseous ammonia becomes liquid at a cold of 
and by a pressure of about 7 atmospheres at tS®* It may 
even be frozen at - 7S®C. into a transparent solid. 

Exp, 1 12,— Slip a piece of froshly-bumed charcoal under the 
edge of a long tube previously filled with dry ammoda and 
standing over mercury. The charcoal wiB qmcldjr abscub the 
ammonia; if pure, the whole of the gaS will disappear, and the 
mercury will fill the tube. ^ 

Charcoal has this power of absodMf all gaaes to a greater 
or less extent ; but such gases as are freely soluble in water 
aie ftiore easily absorbed by charcoal than those which gxe 
spanngly soluble. One c, c, of boxwood charcoal will take up 
fully 90 c. c. of ammonia; so tliat the gas is subjected hO a 
much greater degree of condensation by thift 
action iHhn would be necessaxy to liquefy it by pressure. 

A solution of ammonia k in constant use in the kboratoijr. 
It may easily be prepared as follows 
Eji^, 1 13. — Mix from 30 to 50 grams of pownlered sal ammo^ 
mac wiih an equal weight of slaked lime, and place the 
m a ftask; then add 30 or 40 c. c. (ffwater^ andtmfheflmik 
ftted with a good cork and bent tube^ a$ sho^ ih Fig. $7. 
Next, by means of a piece of vulcanised tubing, connect the bent 
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tttbji of die flask «ifh a dute^iecked bottle cootakiiQip water, or 
witb a arUcHttiouthed bottle fitted witib a cork %6A three wb«!s, 
two of which are bent at right aoglea. Neither Of these bent 
tebet mitst <% itito the water. The eecoadhiteit Diiflift tastf pass 

Pig.S7- ‘ ' 



into another three-necked bottlo containing water, the first bent 
tifbe of which passes below it, and tbc second bent tube into a 
bottle also containmg water, for the purpose of condensing any 
of the gas which may escape from the fust two vessels. 

A bottle of this Mt\d isf known as a Woulf^s bottle-^ and 
the middle tube, both ends and dipping into the 

liquid, is intended’ tciWibit air, K the gas is airbed by the 
water faster tinut it is supplied 1 at the same time, none of the 
gas can esca{;jfi>dteOigh it into the fitfiaosphere. By this 
contrivance ttir Chip dnter the partial vacuum, and the water 
in the outermotf Wi|l!e is prevented from being dnven back 
tqr atmospheric presisum. . 

The soludoti of atttmonia is lighter thau water, the specific 
gravity of the solution diminishing aS the quantity of gas 
contained in it inhreascs. The water also increases in bull 
os it disstdves dte anflnonta ; and when saturated at ($*4 >1 
contains more diaU a thti d of its weight of the alkali. It has 
the inteiiseiy pungent odour of amntqniaj whefi geody 
heated, ^ves off the gas in large quanthjr. > 


Analysis qf Amvtoni^ Gas. 1 19 

Eitp 4 ir4.*^Boil a little a ftycyas; soMotifi of ammonia in a 
flask provid^id with a cork and tdhf^ bcnf'aa shownrin 58: 
the l^s ajill oon)e off * 

Apply a ]lsht to Issuibg 
gas : it will not }>iam readily, 
but a pale greenish dame 
will play over the top of the 
light Place the tube frOm 
which the gas is escaping^ in 
a battle ot oxygen, and then 
apply a liglrt: it will now 
bum with a green flame^ 

Ammonia consists of one 
measure of nitrogen and thfee measuies of hydrogen, which 
become condensed into the si)ace of two naejssures by fhe 
act of combmmg— ^ 

® = gNj. 

AttttlOQia may be Seiniratert into it« two cob^tnent gaws 
by passing a series of electric sparju throu|^ a quantity of 
gaseous ammonia confined in a tube ovet mercury. By 
degrees the vohiine of tbe gas becomes double^} and on 
then causing a little water to pass up ipto the tube by means 
of a* bent pipette, (fig. &), the £ad[l|||,be found tp b® no 
longer soluble in wa*er : and on a lighted matt^h, 

thi^hydrogen in tlic mixture vrijl take fittt Hie quantity of 
bydiogen may be atseertained by introdueing (say) 3 measures 
of the gas obtained by the action oBthe electric sparks upon 
ammonia into a endibmeter, and thep lidding 3 measures 
of oxygen. On firing die mixture by the electric spark, the 
II measures of gfis <ariiU become reduced to a j $ measurea" 
of a mixture of Oxygen and hydrogen in the {^portions to 
form water will disappeared— in otbpr words, fi taep- 

sutes «( hydrogen will have combined widS 3 of oiqrgen, and 
beebnte condemned Mi water. Consequently, 8 measutt^ of 
the ifiited gas' tEpmR aitunonia mu&t have consisted bf 8 
measures qf hydreptb and the 3 of nitrogen which are le& 
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CHAPTER VI 
SAtT— HTORDCHtOMC ACID. « 

I. Cmxmm, a. fttoMiNj;. 3. loMint. 4. Piuowim. 

(24) The Ibijrelmentaiy bodies, chlorine, bromine, iodine, 
«ad Unarine, constitute « remarkaWe grottj> of closely related 
tttbstaaoM. Characteriited by hig^j choiacal activity, and 
by fte power of forming with the metals compounds ana- 
logous to sea salt, they have hence been called iWijew, or 
saRptodttcei*, from «Xt, sea salt 


I. Chiownb: Clj Wt. 71; 

Atimic FA. Qi Gr. 2 435; »». 35 5 ; Mol. 

Fol. m (CU). 

Common table salt^ at sodip chloride (NaGI), is die most 
abnndaat compound of chlorine. It is from ttiis subsfani e 
almost exclusively that chlorine is obtained ; it is never 
foimd Tiacombined m 

Sxp. tii^Mix 33 grains of finely powdered manganese <fi- 
ojtide with an equal weight of common salt Introduce them 
into a fiask provided with a cork and bent tube, and pour upon 
the nmctuie ^ c. «. of wtnol previously diluted with 
60 c. c. of vm and alf»ed to cuoL On heaung the mi).ture 
gently, eUorine comes off mi a dense greenisb-yeUow suffoca/ma 
jtt ^ be collected in dry bottles by dowitwanl 

The fiteodcal reactions may be thus shown i 


dodfc 

IJioxide Oibiidt 



Water Chlorine 


MnO, ^ aNaCI + 9H«S04 « MaS04 + NAHSO 4 + 2H*0 + Cl, 


Owing U> the jjeBow coloitr of the gas, it can easily be seen 
when the bottle li Sill Each botUe, as it becomes filled 


♦ Tbe sjmeriment i^houjd be made either m an outhotue or under a 
chimney mm ttoe is a strong draught to cany off the untaimg 



Solution of Chforino. izt 

with the gas, should be dosed with a grouud stopper, ihe 
side of which should be greased. If the gas is collected 
over water, much is wasted, owing to iu solubilhy ip. this 
liquid. Chlorine cattpot be coltected over iPercuty, as 
it immediately begins to Combine chemically the metal. 

Another process for obtaining chlorine i$' this 

Exp, H6,-^Plaee jin a fiask 50 grams of powdered mpgariese 
dioxide, and pout upon U c. c* of e<|SPmop hydro^lotic 
acid previously diluj^d with one-third d* its buBc‘ of water 
chlorine comes oft freely, on heating the mixture. 

Ip this case the hydrogen of tlie acid is whcJly converted 
into water by the oxygen of the manganese oxide ; half the 
chlorine unites with the manganese, while the other half 
comes off as gasH^ 

MnO* + 4HCI MnCU -f + Ci^ 

Cold water dissolves about twice its bulk of chlorind. 

E:ip, I t7.--.Remove the stopper from a bottle of chlorine gas, 
dose the mouth with a glass plate, plunge the mouth of the 
bottle into water, and remove the plate : a Kttle water will 
enter. Close the boUl^ with the plate, and shake fhe gas aud 
the water together. Again open it tmito water : more water v^ill 
enter : and by repotfting the agitalioP and ether operations again 
two or three times, a solittion of the gaatfWPter wil^beobuined. 

The solution of chlorine must be Wpt in the 'dark. If 
exposed to a strodg lights water is decom^sed Und oxygen 
IS set hree. The hydrogen of the decomposed water comUnes 
with chlorine to forip hydKKhloric acid, which dissolves ife 
the liquid, and tliis will redden litmus, arid not blesach it 
The reaction iPhybe thus represented : 

201*+ zHzO « 4HCI -f Oz, 

Exp, 118.---F1II a litre bottle with a strong, aoludoa of ehh>* 
nne. Fit a sound cork i(p the Aedk; pass thipA^ the cork a quill 
tube open at both ends, Und bent twice at right angles^ so th^^t 
the tube shall reach nearly to the bottom of the botrie* Fiace 
It in diiect sunshine : gas will rise into the upper pa^ 0^ the 
buttle, and will displace the solution, which must be allowed 
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to |bw a vessel placed for its reception. If the cork 

be wiQidEalrotrhfln sufficient g;as has been ionaed, and a ]^]^tod 
opdcffi be iAtitbdBDed, it wiU bum briskly bt the liberated oxygen. 

This povrer of decompQidng water end of setting o\\gen 
free often renders dilorine sn mdirect bat powerful means of 
fbtwarding oxidation. 

wslutiOD of Ohlorine has the smell and taste of the 
gmi. When eoohid down to near the freenng point of water, 
crystals of dhloaoe hinlrate are fbnned. If these crystals aie 
put into a strmtg tube, so as. neaily to fill it, and the tube 
be t^irelldty seal^ the crystals will melt when the tempera- 
ture rises, and yellow otly-lookmg drops of liquid chlomie 
wffi aepatatr^ and siriiside throu^ the water. They evert 
a prOSsure etpial to about 4 atmaspheres. 

'(^otine is not inSamnutble. 



fighter! taper mto the gas : it bums 
flame. 


Chlorine combines at once with many elementary sub- 
stanoes with great energy. 

£tjS, lao.— Place a piece of dry phosphorus in a copper de- 
flagrating spoon j intrarluoe it into a bottle of chlorine gas : the 
iffioi^oms takes firoj, albums with a pale greenish flame, while 
suflbcadng filmes of pill^ot'C ohlondo (PCI,) arc formed, 
fegr. tet.-»Dip a 'wip of blotting-paper mto oil of tur- 
pendtie'; ptunge it into a iar of cblonnc gas : it immediately 
bursts intp flame, whilsit n dense black smoke h given ofll 


In this rase the chlorine unites with the Hydrogen of the 
oil of turpentine, and fjhb onrbon is sqmrated. 

jg'^. 12Z — Powder some metallic onthnony finely in a 
mcotar, and iprmkle a little of it into ajar of chlorine it takes 
fire as ft falls, giving out fumes of antimomc chloiuie (SbCiJ, 
Wlu<^ tfo vetj mitmngr ^ 

dopper lea!^’ powdered bismuth, and many other metals, 
when in » sufi^endy finely divided state, take fifie when 
introduced into diionne, fbmdng chtondes by thelt union 
tritii the gas. la afi cassb where chlorine covntnaes with 
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another elementary body, ^ rtenf copapoumi is terpfKi 4 
ehMde. 

This energetft afit^bh of chlorine i*mden» It <& great vttbre 
as a disinfectant, Atf ft, nomedialttly ^epoinposcs all animal 
effluvia with which it cottcs into donia^ and oonveits them 
into new and harmless substan<^ > i 

Another very important praj>ei%r of cbldiSne is its bleaoh* 
mg power Many vegetable and biuoud idlt|a«nr? are atMetd* 
when moist, by chlorine, wrhich rcmoVtjSrn iWtwtt of ihfir 
hydrogen, while a corresponding quandtjr of dllorinO takes 
Its plate, often forming a substance which has IhXln lOr no 
colour In other casgs the chlonrte acts by reninvln^ hydro* 
gen from water, setting oxygen free, and this, at t^e raomsnt 
of Its liberation, decomposes the cotetmngmatenil. 

Fxp 123. — Pour a little boiUng water upon some of 
lo'>wood, so as to obum a deep red ^ ^ 

solutioA of chlonne, and the red eoloar vnll he dischaiUbd, 

Common writtng-ink, mfusiona 0/ cochineal, trf biajHl- 
wood, of litmus, and of many otiier cplouruig matters, will 
also be bleached by it with fkcahty. Chlorme is very ex- 
tensively used for bleaching purposes m Ac nunufactuie of 
cotton goods and of paper, as wftQ aa in cslko printing and 
in dyeing. 

♦ 

(as) HypRocittoRic Aero i Synd. HQ; Atmte ff'f. gd'SJ 
Aimtu and MoL Yd. 1 ! l i *'*474, JRdative 

Wt. 18 ?5. 

Hydrogen and chlorine have a very poweifril attraction 
foi eachkOAer. If equal measures of An two gases be mixed 
together, and exposed to dnect sunlightj or otlier strong 
light, such as that of burning maguesiiun, Aey combhle 
mstantiy, with a powerful explosion , dayi^ttfcey' 

gradually unite, but Ae mixture may be ptesmved tmalterad 
if kept 1 1 the dark. ’ 

tup i24.~Wrap up a sSiila'Watsr bottle in a towel t fill it 
with water, and invert it m the ‘pneumatic ht^ugh* lattUdaOe a 
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g^lass funnd into the neck, and, having tiHed a jar of loo c. a 
capacity with chlorine, decant the gas into the bottle* Fill the 
Sf'une jar with hydjtogen, and decant that into the same bottle ; 
withdraw futmd, close the neck with the palm, of^the hand, 
lift the beitt}# t>te; of the water-bath, give it a abate to nii:^ the 
gases, a lifted match. A sharp ayd^on imme* 

diately aad gaseous hydrocUotic adid is ionnj^ 

Equal p»«asur9s of hydrogen and chlorine tmtte in this 
way, and the gas produced occupies dtu'^same hulk that its 
components did when separate — 

® + m « {h^j 

but owing to the action of chlorine on mercury, and its 
solubility in water, it is not easy to make this experiment 
wirii acoiifac^* 

Hydro^IoriO add gas is transparent and colourless ; it 
has a pungent irritating smell, and an intensely acid taste ; 
It also iiiakcs the eyes smart. This add is not inflammable, 
and it will not allow a candle to bum in it It is also 
injurious to vegetation. It is heavier than air, and is very 
soluble in water, producing a powerfully add solution. By 
a veiy strong pressure, the gas may be reduced to a liquid, 
which hab never been &oaen. 

aoowe 300 grams of common salt in a clay 
cmdWat aj^d fed Jteat, and pouf out the salt when melttd 
upon a dry stoxie slab, or into a dean iron shovel When sold, 
break up the mass into pieces of the sise of a pea, and preserve 
them in a dry bottlo* Introduce 50 grams of the chlondc * into a 
flask provided with a cork ai^d b^t tube, having poured over it 
about twice !ts wi^lght oil of vitriol Hydrochloric acid gas 
comes off, in the cold, but it is extracted still more 
abundantly when heated. Collect the gas in dry bottles by 
downward Jt may easily be ascertained when 

the botde is f^!*4a a Vghted tkpet wil be extinguished if in- 
troduced only into its nat^ ^ 

* Other cihlcrides--*«uch as chloride of potaHhua, MMepium, or 
cakiiuin---might be usSd ; obt Common salt, as the cheipeM, w lUways 
piteferred for preparing hpiOiddoric acid. 
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This gas emits copious whitish htms* as it into 

the aic, owing to its Cipiubining widi looistuite Oif the 
atmosphere, and condenstog it into t)M> of liquid 
globules, <which again Slowly evaporate,, lllieseuotico which 
accompanies its formation may be thus ; 

NaCl + H^04 - HCl + 

Exp. 136,— Fill a ilask with the gas by diiqilgteeiaeiih dose 
the neck with the thumb, and immerse it in a cemtatning 
mfusion uf litmus ; on removing the thumbs thd Uue liquid wiU 
rush into the flasl^ and will become red. 

The presence of hydrogen aiid chlorine in the acid gas 
may be pro\ ed analytically as foHows : — 

Exp. 127.— -Heat two or thiee globules of sodium oi* thJi size 
of a pea in a copper spoon iii the flame of a splnt lamp tiU they 
begin to bumj then 
plunge them mtoajar 
of hydrochloric acid 
gas. The sodium will 
take Are and bum. 

In this experiment 
the hydrochloi ic acid 
1% decomposed, the 
sodium uniting with 
the chlorine to form 
comnaon salt, while 
the hydrogen is set 
free. 

Hydrochloric acid 
contamsjialf its bulk 
of hydrogen, as may 
be shown by an 
exact analysis of the 
g.is by means of a so- 
lution of sodium in mercury, which may be effected in tibe 
following mariner:— Fill a bent tube (Fig* 59) wjth mer- 
cury, slip a piece of flexible tube over the end of a quill tuibe 
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ootitfected with a glass flash fi'om which h^>dn(KAl!<»i(: acid gas 
is htibg iSist^Agage^, snd, having lusse^ thte ll<»abie tube 
roitiihd tbt ^MHid into file closed hmh of the tJ tube^ Utlow 
hydnwj^dlih adid to pass ustli the closed liinb is tWo-thwls 
full Ilia ddipbeed zuatcury m 4 st he allotted to escape at tlie 
quill tube^ on which die screw^ap is rthuced ; then withdiaw 
the dasi! sod tube, and dosa tha ftrew*tap on the U tube. 
Po^r in ittercuiy tthdl it at the same level in both 

Kow slip a small daStic tkig over the seated tube, 
sb as to mark ^e hdght at which the mercur^ stands ; fill 
up die open limb with an amalgani of sodiumi pieiiared by 
dissolving fi Or 8 pieces ctf sodium the u/e of a pea in 30 c. c. 
of mercury. Close the tubewith a good cork. TmUsfer die 
gas into die limb contaming the amalgam* and agitate it 
briskly: sodic chloride will be formed ReUonsfer die gas 
to the closed limh,\llow tUeicuiy to i«n off till it stands at 
the same level in both lunbs : it will be found drat the gas 
has been reduced to half its original bulk, and that which is 
left is hydiogen, for it will bum on the approach of a light 

ia8.--FjU a dry bottle wUh hydrochloric acid gis, and 
dose did Itkouth with a glass plate. Withdraw the stoppu- fi om 
a bottle of ammoniacal gas of the s>uhe sue ; invert the jar of 
hydmehioric acid pvim jdie one cOntamuHr the ammonia, and 
remove the g^ftSS piate. tho two invisible gases will sud^nly 
oqinbtne, a dense white doud will be fbtmedi aad a sohd^palt 
(s^ animomaCf or wnmenlum i^ktnd^ snll produpod' 

Equal bulks of two gases unite Si& conSdnse eacli 
otiter, HCl + H4N becoming H4NCI. The graqp has 
never been obtauifd in a sep^te form j but many ehetmsts 
regard it as a f»mpounri metal, culled ammariiim, which com- 
bines vidt compljemly neutedms its acnvtty, 

just as sodium k cokmon sak }lu <3 wseinltitmg 
in many m)|)Qi!tant points. | \ 

A strfurion of hydt|porihlm^ acid k imM,S»nns wn 'im- 
potfwnt and, pcr^tlid chemical uijwu. *)lV'h ftequendy 
spi^en of as Wtf/:unthraei<i, from the won} l^he. The 
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oommori ^ud lias often a coloor, owing 

to the presonoQ of s Uttle iron. It is ft fuming i4f 
sp gr about 1 17, and contaitui abo^if g third bf its tdeiil^ 
of the gas. A solution of bydtochloiic acid may neodity be 
preptircd by cunnoctiog a dam)!: cha^ini with, ft BinctUnl of 
lus^ salt and oil ^ vitnol with an appai;atus t^iimlar to ibat 
employed for obtaimnga stTlution of ammotiia'(Figt $7). Thi« 
.u id dissolves those ot^tals ^nrhith deedt#oi.C ifteftto when 
passed over them at a red heat, suoii M a^c;, iron, niekeiftad 
tin, with escape of hydrogen, wlule (ihj(<^es d the tn^tsds are 
formed . 

Zn + 2HCI = Zndj d- S*. 

Eip 13 $ »~Dilute a htde hi^roehlorlc acid with 6 or 6 tunes 
Its bulk of water, and add caustic soda cmntiopsiyi until the 
liquid is ekdCtly neutnd, and neither n.ddel>s Mue hnhua 
DOr restores the Uuc to rod litmus paper. ,Potir the liquid into' 
a basin, and evapor itc it slowly crystals of eommon sa}t 4 hi]i 
be deposited m cubes. 

In this case the whole of the hydrogen of the afdd, in 
combination witli oxygen debved frqm the soda, will pass 
off as water, the change being as follows — 

HCl + NaHO « NajCl + H»0. 

E*p 130 — Pass a jpieoo of quicklime mto a tube filled kith 
hydrochloric acid gas standing over mercury ; ths gas wi}i be 
quickly absorbed. 

The change is followmg : — 

CaO + sHCl » Cada + HA 
calcic chlonde and water beifig formed. 

Most df the chlondes are sohtble In water; and wbett ft 
soluuon of a fttrong base^ such as potash, ift added to the 
solution of a dHoftde of one of the metals whh^ him fm 
msohtlplB oxide, the ofttde, and not die metal» |8 gm*, 
cipitsded. 

I3t,*.^dd a soluUoin of caustic pethshto i 
non of cupdc chlonde, ^ 
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In this case hydrated cupric oxide is thrown down, of a 
pale blue cohur-^ 

Cu< 9 a rf aKHO « aKCl + CuHaOa. 

If a complex oxide be acted on, a corresponding 
chloride i$ formed, if tile formation of such a compound be 
possiblcwi ¥or instance, ferric oxide may be dissolved by 
hydroddotic acid, and die change is thus shown^ 

FeA ^ ^HCl « Fe,Cl6 + 3H4O. 

But if there be no chloride corresponding to the oxide, part 
of the chlorine escapes, while a chloride of simpler com- 
ppsition formed, as in the common process of obtaining 
chlorine gas, by acting on manganese dioxide, to wliicli theie 
is no corresponding cliloride, MiiOa -f 4HCI becoming 
MnCl* -f aHzO i- Cl*, 

Hydrochloric acid and the chlorides are earily distin- 
guished whoU'present in solution by the following tests : — 
t52.«^Dis$olvc o*a gram of soclic chloride in 100 c. c. 
of water, and divide it into two portions, (i) To one of Uicse add 
a few drops of u solutivin of argentic nitrate ; an abundant white 
cloud of argentic chloride (AgCI) will be farmed. Divide tins 
milky liquid into two poitions. lo one of them add a few diops 
of nitric acid : no change will be perceptibJO. To the other add 
a few drops of ammonia solution . the liquid will become clcai, 
since ammonia dissolves argentic clilonde readily. (2) To another 
portion of the sodic chloride solution add a few drops of a solu- 
tion of mercurous nitrate ; a white precipitate of calomeT \^ill 
appear* Divide this turbid solution into two portions. Add a 
few drops of nitriq acid to one : no change will occur. To the 
other add ammonia : the precipitate will become black. 

133.— hydrochloric acid in a test-tube with frag- 
ments of gold leaf : they will not be dissolved. Now add a 
drop or two of nitric acid : a yellow solution of auric chloride 
(AuCy will be quickly formoid. 

Scraps of platiaum are not dissolved by hydrochloric 
ntiii, but they enter slowly into solution if nitric acid be 
added and the mixture be warmed. This mixture of hydto- 
ciilonc wiilrnitric acid is often called aqm regici (royal water), 
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from its power of dissolving gold, which was r^arded by th0 
alchemists as the king of metals. This mixture of acids is 
often useful for dissolving ores which resist either acid singly. 
It owes its actiMty to the chlorine which is set free. In 
using the liquid, it should be only gently wanned, because 
if l)oiled the chlorine is quickly expelled to waste. Some 
oxychlorides of nitrogen are formed at the same time, and 
pa*>b ofif in red vapours j but the chlorine is really the aurtive 
substance — 

2HCI IINO3 ^ H2O 4 - HNO 2 -h C\^ 

If the hydrochloric acid be used in excess, chlorides only 
remain in the liquid, the whole of the nitric acid being de- 
composed and going off with the gases. 

(26) Oxides of Chlorine. — Chlonne does not combine 
directly w;th oxygen, but it forms with it three gaseous com- 
]>ounds, all of which have a red or yellow colour, a peculiar 
irritating odour, a c:orrosive action, and are dll so unstable 
that tliey are easily decomposed by heat, and explode with 
violence. These gases arc ; 

Hypochlorous anhydride • • . 0,0 

Chlorous anhydiide .... CIdO, 

Chloiic oxide ..... CIO, 

The first two, when acted on by water, furnish adds; and, 
in addition, two other acids containing chlorine and oxygen 
are 4 cno\vn. These acids form a regular series, in which the 
oxygen increases step by step as follows : 

Hypochlorous acid .... HCIO 
Chlorous acid • , , . HCIO, 

•Chloric acid . . . , ^ . HCIO, 

Perchloric acid HCIO, 

All these acids are veiy unstable, and they are seldom 
prepared. Some of their salts, particularly &e hypochlorite^ 
and chlorates, are important 

Some of these salts are formed by acting upon a strong 
base with dilorine ; but the result varies according to the 
temperature employed. 


K 
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but the dilorite is decomposed, as fast as it is formed, into 
ox^en gas and potassic diloride — 

KQO, = KCl + 0,j 

and the chloride whidi is veiy soluble^ is easily separated 
finm the sparingly soluble pota&sic perchlorate* If the per- 
chlorate be heated still more strongly, it in turn is decom- 
posed into o^g^gen gas and potassic chloride-* 

KCIO4 » m + aO*. 

(27) 2. Bromine; Symb, Br; jdtom, Wi. So ; Afotn, 
VoL □ ; MoL Wt (Br,) 160 ; Moi, VoL Qj] ; J^il. JVt. 
80; Sp. gr, of vapour^ $"54 ; of liquid at o® C. 3*187 ; Bods 
at 63® C. ; Freezes at —12*5®. 

Bromine is the only element except mercury wliich is 
liquid at ordinary temperatures* It isi of a deep red colour, 
and gives off abundant dark red vapours, which have a veiy 
irritating effect upon the eyes and the back of the tliroat, 
with a peculiar disagreeable odour, whence its name is 
derived It is about three times as heavy as water, and is 
but sparingly soluble in it, but freely so in alcohol and 
ethei. Its chemical properties are similar to those of 
chlorine, but less active. It fonns a gaseous conqjound with 
hydrogen, the hydrobromic acid (HBr « 81 ; Gr 2*731 ; 
Bel Wt 42 f'S)> which fumes ii* air and is extremely soluble 
in water ; it is powerfully acid, ‘ind much resembles hydro- 
cliloric acid. It may be obtained by decomposing potassic 
bromide with jjhosphoric ac*d. Bromine also forms acids 
in which oxj'gen is present; but only two of them — tlie 
bromic (HBrO^), correspondmg to the chloric, 'and per- 
bromic (HBr04), correspondmg to the perchloric — have 
been examined carefully. 

Bromine is contained in *sea water, as magnesic bromide 
(MgBr^)^ in quantity varying from 4 to 14 mgmms. per litre* 

Sea water is concentrated in lame quantities for the sake 
of its common salt and potassic and magnesic salts ; and 
when these have been separated by crystallisationi the mother 
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liquor, or hittem^ is treated for the bromine- Many strong 
brine springs, such as those of Krmnach and Kissingen, 
also contain small quantities of the bromides* The Wttem 
is made to yield its bromine by transmitting into it a current 
of chlorine gas, avoiding an e^ccess of it All the bromides 
of tiie metals are decomposed by chlorine, l^ich has a more 
j^owerful attraction for the metals than twromine has. The 
liquid acquires a beautiful golden yellow colour, due to the 
liberated bromine, MgBr* *4" Ch becoming MgCh + 

This yellow liquid is then mixed with ether and shaken up 
with ji. The ether dissolves the bromine j and if the mixture 
be placed in a glass globe, provided with a stoppei^ at top 
and a glass stop-cock at bottom, the ether rises in a yellow 
layer to the surface, and the mother liquor is easily drawn 
off from below. The ethereal solution is then sliaken up with 
a solution of caustic potash, by which the yellow colour is 
immediately destroyed : potassic bromide and btomate are 
formed, and become dissolved in the water, while the ether 
rises to the surface, and may again be used in a similar 
manner with fresh portions of bittern, T^e action of potash 
upon bromine resembles that which it exerts upon chlorine, 
3Br2 + 6KHO yielding KBrO^ -f sKBr + 3H4O. Wlien 
the solution of potash has become neutralised by die action 
of repeated charges of bromine, the liquid is evafiorated to 
dryness, mixed with a little charcoal, and gendy heated, to 
remove the oxygen from the bromate; after which the 
residue, consisting of bromide and the excess of charcoal, is 
mixed with manganese dioxide and sulphuric acid in a retort 
On applying heat, red vapours of bromine pass over — 

2 Or 4 * MnOa +3H»S045«2KHS04 -f MnS04 4 2H2O 4 Br,. 
Tlie reaction resembles that by which chlorine is obtained* 
£xp. Dissolve a or 3 decigrams of potassic bromide 
in 20 c. c. of water* Mix the solution in a long and wide teat- 
tube, with 5 c. c. of solution of chlorine, and add 5 c. c. of ether. 
Agitate the mixtme : a yilbw solution of brnminje in ether will 
use to the surface. Decant this ethereal solution into another 
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tube^ and thikt it untSi an equal boHe of a edbstion of caustic 
fiotash, colour will disappear, and the ether will 

rise to the iAp^ aud ifonn a colourless layer. 

firotnine *oombtee$ directly >ith phosptidrus, and with 
many of the metaJs. The compound formed by the tmion 
of hromine^*With any other dement is" called a ttomide. 
Argentic, bromide is a substance of importance to the 
phbiliognii^. 

14a.— Add a little of a solution of argentic nitrate to a 
weak sdtttlon of poCasdc bromide : a white precipitate is formed. 
Divide the l^qnki with the precipitate into three portions. To one 
' tf them add alittle nitric acid^ to another a few drops of asolution 
j(£ ammonia : no solutton occurs In cither case. To the third add 
a little of a solution of sodic h>postilphiite : the liquid becomes 
clear, a double hyposulphite of silver and sodium bemg formed. 

The bromides also form a white precipitate of mercurous 
bromide (HgBr) with a solution of mercurous nitrate ; and a 
white precipitate with lead nitiate, consisting of lead bromide 
(PbBfi). Chlorine water decomposes both, setting bromine 
free, and forming a chloride of mercury or of lee.d. 

(aS) 3. Iodine: Sym b, I ; A tomic Wt. 127 ; Atomic vol 
ef vapour □ j Mol, Vol. □□ (J,) ; Rrl. Wt. laj} gr. 
of 8716; of soha ^ 4*$>47; MeltmgPL 107® C; 

SmUng Pt. tZ. ^ 

Iodine is a solid, which crystallises in bluish-black scales, 
fCjjcmbling plumbago in lustre. It is volatile ut ordinary 
l^mipetatureS} and limits a feeble smeJb resembling that of 
chlorine, and fimblimes'*" slowly in the bottles in which it is 
kept, apd is deposited in crystals on the sides. When heated 
to a liftle beyond roo® C. it melts, and at a higher tem- 
perature gives off dense vapours, of a rich violet hue, whence 
it derives its name. 

* A body which rises in vapour and^Htodenses hi the solid form is 
said to suhRme^ in opi>ositioii to one wcih cohdensa in the 
form, when it is said to ^ 
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i43.^Place about gtm. of iodine iu a : vr^inn it 
over a lamp* The iodme Will melt to a brown liqujd ; and if the 
ilask be heated gradually and uniformly^ bo&ntiful violet v^qpours 
will fill it When allowed to cool» its interior will be vooated 
over with small crystals of sublimed iodine* 

Iodine stains the sHti and mpftt substances 

brown, and gradually corrodes them. . dissolves it but 
sparingly, alcohol and ether freely i solutions df tihe iodides 
in wrater also dissolve it 

Exf, i44.~^Take friur test-tubes, and place ab^ a dedgraxn 
of iodine in each. Pour into the iirst a cf vmter, into 
the second the same quantity of alcohol, into tb^ third the isetme 
quantity of dkhcr, l;o the fourt^ add 0^2 gram of potassic iodide, 
and then a little water* A pale-ycUow liquid will be formed in 
the first lube, and scarcely any iodme will be dissolved, whilst the 
iodine will be dissolved in each of the other tubes, 4nd wiil form 
a deep-brown solution. Mix the solution in alcohol with twice 
its bulk of water : most of the iodine wilt separate in scales, as 
it IS not soluble in water, and the water inmiediatet^ separates 
the oloohol from the iodine. Mix the solution in the fourth tube 
with water ; no precipitation will occur, because the potassic 
iodide retains the iodide dissolved. 

Exfi, 145.--.PUce about 0*3 gram of iodine in a test-tube 
with a few drops of water, and add about o*t gram of iron 
filings ; a green solution of ferrous iodide will be formed, 

Exjfr. 146. — Lct^zinc hllngs be substituted for iron, and a 
colcairless solution of zinc iodjdc will be obtained, 

When an element combines with iodine, the 'compound is 
known as an iodtdff. 

All the iodides of the metals are rftidily decomposed iff 
chloiiney and even by bfomine, while the iodine is sbt free. 
This is taken advantage of in testing for iodine. The most 
delicate test for free iodine is the intense blue cok«i|r which 
it yields with cold, starch paste. 

Exfjfi, i47.-N*.Mix I gram of white starch with ip grams of 
water, and pour it slowly into 40 or 50 grams of boiling water ; 
boSi fpt a minute, audWow it to cool. Mix a little of this 
mucikge with water, and add one or two drops of any of the 
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solutions of iodine prepared as above directed e the intense blue 
iodide of starcli is itnn^iatcly formed. 

t48.-*-Mix one or two drops of a solution of potassic 
iodide with a little of the diluted starch mucilage : no change 
of colour will occur. Add a single drop of chlorine water to the 
mixture : an immediate coloration will occur, owing to the com- 
bination of the chlorine with the potassium, while iodine is set 
free, and acts upon the starch. Add a little more chlorine 
water ; the colour disappears, owing to the formation of chlorine 
iodide, which is without action on starch. 

A solution of bleaching powder may l)e used instead of 
chlorine water, or, still better, a solution of potassic 
nitrite, to which a drop or two of acetic acid has been 
added. An excess of nitrite does not interfere with the blue 
colour. 

149* — Heat the blue solution of starch iodide to boiling : 
the colour fades, and often quite disappears. Cool the solution, 
and the blue colour returns. 

The cause of this change of colour is not known. 

Other tests for the iodides, though of less delicacy, are the 
followng : A solution of lead salt, when mixed with a soluble 
iodide, gives beautiful silky yellow scales of lead iodide 
(Pbla). A silver salt, such as argentic nitrate, gives a pale 
buff-coloured argentic iodide (^gl), nearly insoluble in am- 
monia. Mercuric chloride gives a yellow precipitate of 
mercuric iodide (Hgl*), quickly passing into scarlet 1 
Exp, 15a— Divide the last named solution with its precipitate 
into two portions. To one portion add a little more of the mer- 
curial solution : the precipitate will be reclissolvcd. To the other 
portion add an excess of potassic iodide : this also,, will re« 
dissolve the precipitate. 

Hence it will be seen that an excess of either salt must be 
avoided when testing for iodides or for mercuiy. 

Iodine is contained in mimite proportion in sea water, 
from which it is extracted by the sea-weeds during their 
growth, and stored in their tissues, hi order to obtain the 
iodine, the weeds are first dried in the sun, and then burned, 
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at a low temperature^ in sliallow pits on the shore ; the sahes 
forming what is called hdp. The iodine is present in this 
ash as sodic iodide. The solitbJe matters are washed out of 
the ash, and the liquor ‘is evaporated, to allow roost of the 
salts of potassium and sodium to crystallise out Sulphuric 
acid is then added to the mother liquor; and after the eftfer** 
vescence due to the escape of carbonic anhydride and gaseous 
compounds of sulphur is over, the acid liquor is run off into 
stills, mixed with powdered manganese dioxide, and disdlled . 
at a gentle heat — 

aNal + MnO< + 5H,S04 * aNaHSO^ + MnSO* + aH40+ I,. 
The decomposition which occurs resembles that which 
attends the liberation of cMdrine or of bromine^ as already 
described. Violet vapours of iodine come' off, and are 
condensed in a series of globular receivers. The crude 
iodine thus obtained is purified by a second sublimation. 

Hydrt odic A cid ; Symk HI; Atm . and Mol Wt . 128; 
Mol. Vol. Sp. Gr. 4-443 j m. Wt. 64. 

Ex/f, 151 — a piece oft phosphorus of the size of a split 
pea, and place it on a saucer. Then let a few crystals of iodine 
fall upon It. In a few moments the two bodies will unite, and 
so much heat will be given out that the phosphorus will take fire. 

In this experiment one portion of phosphorus burns in the 
air, avhile another portion unites with the iodine to forpt 
phosphorous iodide (PI5). 

Exp, 152,— .Place in a small retort 2 grams of loditic, i c. c. 
of water, and then add 0*1 gram of phosphorus. 

In thi^ case phosphorous Iodide is also formed as before, 
but it is now decomposed by the water, and phosphoric and 
hydriodic acids are formed — 

PI5 4H2O « H3PO4 + 5HI. 

On heating the mixture gently, hydriodic acid gas will 
escape, and may be collected by downward displacement ip 
a wide test-tube. 



138 * Bydrofluoric Acid. 

Hydtiodl^ Itad ^ extinguislies a light, and does not 
itsdlf $ it is imte than four times as heavy as atmospheric 
aitj it is 43olourkss, but fumes sti ongly when it escapes, owing 
to its ooi^densing the moisture present in the air. It is very 
soluble In sfuter, with which it forms an intensely acid 
liquid. immediately decomposes it, and sets iodine 

at liberty.^ ^ Its solution in water, if exposed to the air, 
gradually ab$orbs oxygen ; the hydrogen unites with the oxy- 
gen, and the liquid becomes brown from liberated iodine — 
4HI ^ sHjjO -f- ala. 

Iodine fortns a white oxide, iodic anhydride (T4O5), corre- 
sponding to nitric anhydride, 'fliere are also two acids of 
iodine containing oxygen, viz. the iodic (HIO3) 
periodic (HIO4) ; but they are not of practical importance 

(29) 4. FtiTOtimE ! Sypt/f. F; Afom, IP?. 19. 

Many unsuccessful attempts have been made to obtain 
fluorine in an isolated state, but its chemical activity is so 
great that it combines with the metal or glass with which it 
IS in contact at the moment that it is set free ; so that no 
satisfactoiy knowledge of free fluorine has yet been obtained. 
Its compounds with oAer elements are termed fimrides. 

The most impoirtant and abundant natural €om])onnd of 
fluoric is calcic fluoride or fluor spar (CaFz), a mineral 
which is insoluble in water, colourless when pure, but more 
frequently met with in lieautifully-veined blue or green 
masses, which, when crystallised, occur in cubes, or .some 
forms derived from the cube, 

Cryediie^ a fluoride of aluminum and sodium (sN*^, AIF3), 
is also found abundantly in Greenland. 

No oxides or oxygen acids of fluorine are known; but 
when ^ combined with hydrogen, it furnishes an intensely 
cortoinve acid, the hydrqflttmc (HF), which immediately 
attacks glass, so that it cannot be prepared or {sreserved in 
glass vessels. Its fumes are dangerously ferltating, and 
great care must be taken to avoid inhaling flmmu The acid 
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is freely soluble in water, and is often jjwepared in a dflujed 
form for etching on glas^, aSf foir in tnjgcmtitf 

tliermometer scales, and for similar ]>ur(}K»ses* diliited 
acid may be preserved in silver ot |eaden bottles, pr,^ as is 
more usual, in vessels made of gutta jp«isdbar •• 

Exp, 153.— Po'wdcr a gram of ftuor ai )4 ^lacait 

in. a small shallow leaden cup^ 0 or 8 cendm. in diameter, and 
pour over it 2 or 3 grams of oU of vitriol ; tl>en place over the 
leaden cup a plate of glass hrg^ enough to cover it, prepared m 
the following manneji Cover ope side of the glass with a thm 
unifoiin la^er of beeswax, which may be done by wanning the 
glass and lubbing it over i\ith the wax. When tjEwfe g^ss is cold, 
trace a few characters with the point of a kpife through the wax, 
so as to expose the glass beneath. Place the with the 
waxed surface downwards over the leaden dish, tnd warm it 
gently, taking care not to melt the wax. Vapours of hydrofluoric 
2L( id will be given off, which in a few minutes will corrode thv 
glass where li i$ exposed, but will not attack the wax* 

The acid acts on the fluor spar in the fpUpwing manner ; — 

CaF;2 + HjS 04 » CaS04 + aHF. 

On cleaning ofif the beeswax with a little oil of turpentine, 
the design will be found more or less distinc% etchi^ upon 
the glass plate. A very small quanthy of flttOifee compound 
may be detected m a m»?cture by proceeding carefWly in the 
same manner* In the enamel of the teeth, and ^en m 
fossil bones, fluorine exists in quantity sufHcieat to be easily 
detected in tins way. 

The hydrofluoric* add attacks the si^ca of the glass, fur* 
nibhing water and gaseous sihdc fluoiade^ 

• SiO* 4^ 4HF ee S1F4 ^ aHiO. 

This action of hydrofluoric iidd renders it a valuable agent 
the analysis of the silicates in mapy cases where theotdSbe^ry 
acids do not decompose them» Argentic fluoride ja uglliible, 
so that the fluorides give no precipitate with aigentlc 
The acid unites with potassk fluoride, and forms e dy^tafline 
compound (!fcF, HF), flfom which the anhy«Srous hydro- 
fluoric acid has been •‘Obtained. (Asr Appendix) 
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All the halogens — ^fluorine, chlorine, bromine, and iodine 
— are regarded as monads, since they are characterised by 
forming a very soluble powerfully acid gas when united with 
hydrogen, such as the hydrofluoric^ hydrochloric, hydro- 
bromic, and hydriodic. No condensation accompanies the 
combination, for anal) sis shows that in eaph case the acid 
contains half its bulk of hydrogen, the hydrogen being 
united with its own volume of the halogen, the gaseous acid 
occupying the same bulk as its component gases of vapours 
did in their separate form. 

With the exception of fluorine, each of these elements 
emits a coloured vapour; each, though inconjbustible in 
cOcygen, yet forms acids with it, the series known being the 
following 


HF 

HCl 

HQO HCIO4 

HCIO^ 

JICIO^ 

HBr 

HBrO? 

HBrOj 

HBr04 

HI 


HIO, 

HIO4 


In comparing the halogens with each other, the cliemic.il 
activity of fluorine, whidi has the smallest atomic weight, is 
the most powerful ; next in the order in activity is chlorine, 
then bromine, and, lastly, iodine, the atomic weight increas- 
ing as the chemical eneigy declines. Chlorine is gaseous, 
bromine liquid, and iodine soluJ. The specific giavity, the 
fusing point, and the boiling pointy rise as the atomic weight 
increases. The halogens combine energetically with the 
metals, and, when united with tlie same metal, furnish com- 
pounds whicli are mmorphous\ that is to say, they all crys- 
tallise in the same form ]:)Otassic fluoride, chloride, bromide, 
^ and iodide, for example, all crystallise in cubes. 
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\3o) T. Sulphur: Syt^. S ; Aiet^t. > 0 . 31 ; Mdiing Pt 

Ilf; Boiling Ft. 446® C. 

Sulphur, or MmsUne^ has been kti6wn from time imme- 
morial, as it is ail element found uncombined in cjonsiderable 
quantities iA volcanic districts. It is ali^o fo^nd in tcjftxh 
bination with many of the metals ; for instance, when united 
with iron it forms the yellow brassy-looking mmeifal known 
as iron pyrites ; with leajjt fiimishcs galena, the principal 
ore of lead ; and with zinc gives the brown mineral callei^ 
blende. In combination with oxygen, it is found forming 
salts with other metals, known as sulphates, among which 
those of calcium, magnesium, and barium are of most 
frequent occurrence. Sulphur also occurs in combination 
in white of egg, in muscle, and some other animal products. 

Sulphur is a yellow brittle solid, which i(5 not soluble in 
water, but is soluble in carbon dfeulf)hide, oil of turpentine, 
and in benzol, as well as to a slight exteqt in hot alcohol. 
It is highly inflammable^ and bums with a blue flame, 
emitting pungent suffocating vapours of sulphurous anhy- 
dr.de. When heated to C. it melts, forming a trans- 
parent yellow liquid, which undergoes a series of curious 
changes by the continued application of heat 

Exp. 154.— Place a few grams of sulphur in a wide test-tube, 
and appl^ the heat of a lamp cautiously. The sulphur mdt? 
and forms a pale yellow liquid, which flows easily. Pour part 
of the melted mass into cold water : a yellow brittle solid is 
formed. Heat the portion still left in the tube more strongly : 
It gradually deepens in colour, and becomes thick, asstffhmg a 
treacly appearance. On heating the suljAur still higher, it again 
becomes somewhat more fluid. Pour it now in a thin stream 
into cold water : the sulphur forms into tough, elastic, semi- 
transparent strings. 
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The colour of these cooled threads varies from a pale 
amber <0 a deep browtt, becoming darker in proportion as 
the heat applied is greater. If kept for a day or two, this 
elastic sulpW gradually becomes hard, opaque^ and brittle. 

Sulphur may easily be obtained in crystals, 

- Exp. 1554— Melt from a quarter to half a kilogram of sulphur 
in an earthen pipkin at a low and carefully applied heat. When 
completely melted, set it aside to cool slowly. Allow it to stand 
for a short time after it has liecome solid over the surface ; then, 
•with a hot wire, pierce two holes through the crust near the 
edge on opposite sides, and pour out the still liquid portion. 

When the mass is cold, remove the solid crust carefully, 
and the interior will be found to be lined witli transparent 
Ifbney-yellow needles, which, when scratched, or even wlicn 
left to themselves for a few hours, gradually become opaque. 
The crystals thus obtained belong to the class known as the 
oblique prismatic. 

Sulphur may also be obtained in crystals of a different 
form, the octahedron with a rhombic ba.se. Native sulphur 
assumes ttiis shape ; an 4 it may be obtained by dissolving 
sulphur in Carbon disulphide, and aUouang the bolution to 
evaporate spontaneously. This form has a sj). gr. of 2-05, 
while the crystals obtsained by fusion (Exp. 155) are less 
dense, being only of sp. gr 1*98. They also have different 
fusing pqpts, the octahedral sulphur fusing at 115®, ancl*rthe 
prismatic requiring a temperature at 120® C. for its fusion. 

Bodies which, like sulphdr,'^t^au be obtained in forms 
which belong to tWo distinct classes of crystals arc said to 
be diM$rpho7iS. 

Sulphur also offers a good instance of allotropy. In the^e 
two varieties of crystalline form, and in the elastic tlireads, 
or viscous state obtained by sudden cooling from a high 
temperature, we have three different modifications of the 
same dement A fourth may also be procured by placing 
in carbon disulphide the hard mass furnished by keeping the 
viscous sulphur till it^Jecomes solid. The carbon disulphide 



Distillation of Sulphur^ I4.|. 

dissolves all that can be removed from the mass, and a grey 
amorphous (or non-crysmthle) pow’^der js'.kft; this differs, 
from the crystalline varieties in its sin^lar insolubShy in 
carbon disulphide, wliich dissolves both the:cryslt)ifline forms 
readily* ' 

All these different varieties of sulphur may be ^^stiiled by 
the application of sufficient heat, provided air bse exeluded, 
otherwise they would take fire. The distilled , sulphur thus 
obtained exhibits no difference 
in properties, whichever allo- 
tropic modification may have 
been used. 

Exp, 156. — Place a few pieces^ 
of sulphur in a Florence flask. 

Cut off the neck of a second 
flask, so as to enable the neck 
of the first flask to pass into the 
second, as shown in Fig. 60. 

Heat the flask containing the 
sulphur, covering the upper ifruiv 
face with a cone of thm sheet 
iron, to keep it hot The sul- 
phur first melts, then boils, arid 
ultimately distils over into 
second flask. ^ 

TJi^ vapour of sulph^, at 
temperatures of about 
96 times as heavy as that^odfr 
an equal volume of hydrogen at 
the same temperature; but if the sulphur vapour be^ heated 
to 1000® C. it becomes expanded, until its density is oidy 
,32 times that of hydrogen at the same temperattue and 
pressure. , 

Selenium and tellurium show the .same turious exeq^tiot^aj 
effect of heat upon their vapours. \ V 

The compounds which sulphur forms, with any of the 
elements are termed sulphides^ oy 
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of^ yplatiUty of sulphur to purify 
it flfOatt It is' usually distilled roughly on 

the spdi,||i^^ it, is found, aftenvards purified by a 
second; careful distiila^on. roll sulphur ipf com- 
merce is -TOtained by pouring the melted sulphur into cylin- 
drical woibSen moulds, in ivhich it is alJow^ to cool. 
.Fioiifers oi sulpS^, as they are called, occur in the form of 
a harsh yellow cfystalline powder, which is procured by 
distilling sulphur slowly into a large brickwork chapiber; where 
thfe fiiinea become condensed in this form. If distilled more 
quickly, the brickwork becomes hot, and then the sulphur 
melts and runs down die sides, ibtming a solid mass as it cools. 

SulpbmV 'from its ready inflammability, is used in the pre- 
' jI)aratiou of nmtehes. Large quantities a]fie also employed 
in the manufacture of gunpowder.#; but its principal con 
sumption is in the production of sulphuric acid. 

Sulphur combines directly, with many of the metajs, and 
J;ives out much lie^U m die process*. 

^ ‘ Exp. 1574 — Mix 3 or 4 grams of copper filings with half their 
weight of flowers of sulphur, and heat them in a large test-tube. At 
a temperature a little above the melting-point of sulphur the two 
bodies will begin to unite, and a bril^ht glow will spread through 
the mass. AVhen the tube is cOld, break it and examine the 
product. A substift^ ill uo wey resembling copper or sulphur 
will be ibimd 1 it. consists of the sulphide of the metaL 
' Two^com^unds of sulphur with oxygen are knowfi, sul- 
phurous, anhydride ’(SO2) and ;sulphuric anhydride (SO3), 
bodi of which fmnish intf)orta!it acids when coinbined with 
water. There are also other acids’ bf sulpKur containing 
oxygen : these are known as the polythionk series, in refer- 
ence to the iriultiple proportion in which sulphur (flsTov) enters 
info their fonnatibn. . It will be sufiicient merely tp give their 
forraSlae. The series trf'pxygen-sulphur acids is as follows — 
Hydrbsulphurous add HgS^ Dithionic acid H2S4O5 

Sulphurous acid Trithionic ^d H^SjOe 

Sulphuric acid H^SQ4 Tetrathionicacid . H3S40« 

Hyposulphurous add Hj|S«Oj Pcnuthionlc acid H«S4Q« 
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(31) SuLPHUROTJS Anhydride Sulpht^ ZHoxUe)\ 
Symb. SO2 ; Atom, and Moi. Wt 64 j; Afem. and. 3 fytL VoL 
m ; Spec, gray, of gas^ 2*247 \ Ed. Wt $2 ffPoHing EL 
C.) Melting Ft, 

Sulphur bums in oxyg^ with a lilad flame, and produces 
a permanent gas, which, after it has again become cool, 
occupies the same bulk as the original oxygen, but it has 
become doubled in density. Two volumes of oxygen unite 
with one volume of sulphur vapour, &e three volumes be 
coming condensed into two — 

|o|oi .+ in = IS'Oj . 

The gas so produced has a pungent and suffocating odour^; 
in a concentrated form it cannot be breathed, but in a diluted" 
state it excites the s)miiptoms of a common cold.. It is trans- 
parent and colourless, is not inflammaMe, and immediately 
extinguishes the flame of burning bodies. Water dissolves 
more than 40 times its bulk of the gas, and furnishes sulphur^ 
ous acid— h^O + SO, =» HjSOa. 

The solution has the smell and taste of the gas, which 
readily escapes from the water when heated. 

Sulphurous anhydride is usually obtained by heating sul- 
phuric acid in contact with a metal, >such as copper : sul- 
phurous anhydride comes off, while wat^r and cupric sulphate 
is formed — r* 

2H2SO4 *4- Cu =» jCuSO^ -f* SO2 “f* 2H20* 

Exp, 158.— Place about 5 ^ms o^copper clippings in a flask 
provided with a cork and bent tube, and pour upon it 30 c. c. 
of oil of -sitriol. Heat the mixture strongly, and collect, by 
downward displacement, 2 or 3 jars of the gas that is given off 
Test one jar with a piece of blue litmus p^iper : the blue will 
immediately be reddened. Plunge a lighted taper into another 
jar : it will be extinguished. 

Exp, 159.— Suspend a bunch of violets or a rose in % jar, of 
the gas : they will be bleached completely. Throw the flowdls 
into a very Weak solution of ammonia : the colour wifi fiirst be 
restored, and will then be changed to green by the alkalL 

L 
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The bleach^ action cf this gas diffcsrs itom that of 
chlorine in not destroying the colour, for dns is again 
restored by the action of an alkali or a stronger acid. 

Flannel, sponge^ silken goods, isinglass, and many articles 
which would be injured by chlorine, are bleached by suspend* 
ing them, in a damp state, in a closed chamber, and then ex- 
posing them to the fumes of burning sulphur. Appendix.) 

Sulphurous anhydride is useful as a fumigation for destroy- 
ing infection. By its action, meal is also preserved from 
putrefying for a while ; and it is frequently employed to check 
fermentation in cider and home-made wines, for which pur* 
pose a httle sulphur is burnt in the cask before hlling it with 
the liquor. 

There are various other modes of obtaining the gas. One 
of these consists in beating a mixture of powdered Mack 
manganese oxide with about its own weight of sulphur ; half 
the sulphur combines with the oxygen, the other half with 
the manganese — 

MnOa + Sa « MnS + SO*. 

If charcoal is boiled with sulphuric acid, a mixture of sul- 
phurous and carbonic anhydrides are evolved — 

' e + 2 H*so4 = 2S0* ^ CO* + 2H*o. 

In the manufactuie of sulphunc acid, sulphurous anhydride 
is supplied simply by burning sulphur or iron pyrites in a 
current of air. In this way it is obtained mixed with a large 
bulk of nitrogen. Sulphurous anhydride is also emitted 
largely from the craters cf volcanoes. 

When dissolved m water, the gas fumi&hes sulphurous 
acid, and this acid famishes the salts known as su^hUee, 
The sulphites of the alkalies may be obtained by passing the 
gas into a bolution of potash or soda. It iornis two kinds of 
salts : one of these contams two atoms of the metal, such os 
the common disodic sulphite (NazSO^, loHaO), while the 
other kind of salt is frequently called a bisulphite, and con* 
tains but a single atom of the metal Hydric potassic 
sulphite {KHSOs) is the best example of tliis class. 
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The sulphites are easily distinguished by their effervescing 
when treated with a strong acid> such as the hydrochloric, 
giving off a colourless gas, with the pungent charactenstic 
odour of sulphurous anhydride. 

Exp, i66.*— Add a little of a solution of baric chlonde to a 
solution of a sulphite. A white piecipitate of banc sulphite 
(BaSOa) Is formed. 

In this case, if the sulphite be free from sulphate, the pre- 
cipitate will be dissolved on adding a little hydrochlonc 
acid , but the clear liquid will be rcndeied milky by the 
addition of chlorine water, uhich will convert the sulphurous 
into sulphuric acid, and tlus^will give a white precipitate of 
banc sulphate, which is insoluble in acids. 

The chlonne takes hydrogen from the water, forming 
hydxochloric acid, and the oxygen which is set free converts 
the sulphurous into sulphunc acid — 

HaSOa + Cl* + HaO « H*S 04 + sHO. 

(32) SuiPHuaic Acid {Dihydric Sulphate): Symfial, 
TIaS04; Mo/, Wf, 98, Sp, grav, of Itqutd^ 1-846; 

Pt, TO s’* C.; Both ng Ft, 338^ 

This IS the most important of the adds, and is tlie basis 
of our chemical manufactures. The consumption of it 
annually in this countiy consideiably exceeds 100,000 tons, 
or o«e hundred million kilograms 

Exp, i6j. — Dry some of the gretu crystals of ferrous sulphate 
(the salt formerly called greeu vti/to^y and place the dried salt 
m a test-tube, and heat xt nearly to redness. White acid flames 
are given, off, which condense in oily-lookmg diops, they are 
mixed with the pungent vapours of sulphurous anhydnde. 
When all the add is expelled, a red powder, consisting of feme 
oxide, or colcothar, as it is called, is left in the tube. ^ 

The changes may be thus represented — 

2FeS04 as Fe^Oj + SO 3 + SO*« 

From the oily appearance of the product the old name of 
mi of vitnol was derived. 


L z 
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When Ihus prepared, the distilled liquid consists of 
y mixture of sulphuric aad with sulphuric anhydride 
(H2S04, SO3). Some sulphuric acid is always formed 
during the operation, because the ferrous salt cannot in 
practice be completely freed from water before it is distilled 
'JThis water comes away during distillation ; and as soon as 
the anhydride, which distils off also, becomes mixed with 
water, combination beriveen tlie two occurs, and sulphuric 
add is formed, SO5+H2O becoming II2SO4. 

The distillation of dned sulphate of iion lias long been 
conducted on a considerable scale at the town of Nord- 
hausen, in Saxony, where it is made for the purpose of dis- 
solving indigo for the preparation of Saxony blue, and hence 
the add so prepared is generally called Nofd/tausm Sulphuric 
Actd. When such sulphuric acid, holding sulphuric anhy- 
dride in solution (H2SO4, SO3), is heated, tlie sulphuric 
anhydnde (SO3) comes off in dense vihite fumes, which, if 
immediately shut up in a vessel excluded from the moisture 
of the air, become converted, as it cools, into a silky-looking 
white fibrous mass. This substance is not and, though it 
immediately becomes so when mixed with water. It com- 
bines with water with the evolution of a very high tempera- 
ture, emitting a hissing' so*md, like that pioduced by 
quenching a red-hot body in water. After the water has 
thus combined with the anhydride the two are not separated 
readily by simple beat If the acid thus obtained be further 
diluted witli watei; this additional quantity of water may be 
removed by evaporation. Dunng this process the boiling 
point gradually nSes till it reaches 338®; when thi.> point is 
attained, the acid has become reduced to the state repre- 
sented by the foimula HaS04 , the whole then distSls over, 
and'eondenses again unaltered. 

The great bulk of the sulphuric acid required in the arts 
is, however, obtained by a different process from that just 
desenbed. When sulplmr igf burned in dry air or in oxygen, 
the product is always sulphurous anhydride; it never occuzs 
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as a higher state of oxidatioti of sulphmi^ althotigh a higher 
oxide~namely, the sulphuric anhy<1ride*^niay be obtained by 
indirect means. If sulphurous anhydride be mixed with oxygen 
in the presence of water, and be presented to nitric oxide, 
or to any other of the higher oxides of nitrogen, the further 
oxidation of the sulphur may be eifected with great rapidity. 
Moreover, a small proportion Of the oxide of nitrogen will 
effect the combination of an indefinite amount of sulphurous 
anhydride and oxygen. Nitric oxide (NO) in the presences 
of oxygen immediately becomes nitrogen peroxide (NOz), 
and this, when mixed with sulphurous anhydride and a large 
quantity of water, furnishes sulphuric acid and nitric oxide. 
Tlie sulphuric acid remains dissolved in the water, while the 
nitric oxide, by absorbing oxygen from the air, again becomes 
nitrogen peroxide; this combines with fresh suIi>hurous 
anhydride, which, when acted on by water, becomes sul- 
phuric acid, the nitric oxide being again liberated, to go 
through the same series of changes with fresh portions of 
oxygen and sulphurous anhydride as long as any remain in 
presence of each other uncombined, NOa 4* SOa -f x HaO 
yielding NO + HaS04 4 iv — iHaO. 

In making sulphuric acid on a large scale, sulphur or iron 
pyrites is burned in a current of air in fuVnaces (a a, Fig. 61). 
In the stream of heated gas is suspended an iron pot ( 3 ), 
chafed with a mixture of sodic nitrate and sulphuric acid. 
Vapours of nitric acid are thus set fre^, and these pass on 
mixed with sulphurous anhydride and excess of atmospheric 
air. The mingled gases pass int^immense chambers (y f)^ 
construcysd of sheet lead, supported by a framework of 
timber. A shallow layer of water (d) covers the bottom of 
the chamber, and the intermixture and chemical action of 
the gases are further favoured by tlie injection of ^ts of 
steam supplied from the boiler (o). (See Appendix.) 
The vapours of nitric acid lose part of their oxygen, and are 
quickly reduced by the sulphurous acid to the slate of nitric 
oxide, then the changes alreddy described succeed each 
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other rapidly, leaving ultimately nothing but hittogQn and 
nitnc oxide, which paas off into the atmosphere by a fiue (c) 


Tig 6i c 



The sulphimc aad which collects at the bottom of the 
chamber is concentrated by evaporation in biiallow leaden 
pans, till It reaches a sp gr of i 720, \iihen it forms the 
brornn sulphuric aad of commerce Ir tins state it is largely 
employed in making manures, and for con\erting common 
salt into sodic <*ulijhate The further concentration must be 
completed in glass or plali*ium stills as the leaden pans 
would melt at the heat reqiiued In these it is further 
e\aporated till the boiling point his risen to 338° C.,''and 
then nothing but the concentrated acid (H^S04) lemains 
If the application of heat i^ere continued further, the acid 
would distil over. 

The oil of vitriol of commerce is a dense oil/ looking 
colourless liquid, nvithout odour, and of sp, gr. i 84a. It is 
intensely caustic, and chars almost all organic substances, 
owmg^o Its poweiful attraction for moisture. Jf exposed m 
a shallow dish to the air for a few days, it increases m weight 
considerably, by absorbing watery vapour from the air. This 
property may be made use of for the purpose of diying 
gases and various other bodies in the laboratory. When 



^ixed, wliil Water, it sW:.tW 

care isr^uins! in ’ - .‘; ^®''' -tv 

kjt^ i6i~iponf a IMe of the. 8t«a^.W<WM?to;!a:'^^ 

Place a splinter of wood m it :', the tr^ wifl h<f MtdtWted in a 
few minutes. >•' " , 

^ Ei^. i63.-.Pom a cub. ceindin. o€ ^swiW acid into a itabe 
containing 3 or 4 c. c of water : cimjsdeiaMe ^ will be felt 
to attend Ae i^ture Take a litfle ^f ^ dilwed acid, and 
with a feather dipped into k trace a few'fetters upon wri^. • 
papCT. Hdd the paper n«£r die fire : the wtder sriftcvapor^ 
leaving -the acid behind ; to will soon blacken die pa^. ’ 

It is owing to this kind of action that even a veiy. diltite 
add, if left upon linenj wiU cause it to fall into when 
exposed to Che air j die water eVapora|iss, ahd tiiiie add 
which is not volatile, destroys tjie fifire. . ' ' . ’ 

7 krfj.-r.The sulphates, when dissolved in watfcr, SBay be 
knonm by producing a white precipitate when mixied with a 
solution of a sab of barium, sutii as baric cbJoride. This 
predpitate consists of bjuic sulphate (BaSOJ. It is not 
di.ssoIved by nitric acid. 

The sulphuric belongs to the class of adds known as 
dibasic; tot is to say, it contains two, atoms of hydrogen 
wluch admit of displacement by a m^ ; and, Kke all adds of 
this class, it furnishes two sets of salts wiA metals of iriiich 
the atom, like thesuhihides of the alkali-metals, kchemicaUv 
eqirivalent to one atom of hydrogen. Such metals are called 
monads. In one set of tliese salts one atom only of hydro- 
gen IS displaced by the metal, Jn the other set both atoms 
of hydrogen are So -displaced. salt of the fiist series fe 
often sjioken of as an acid salt; for instance, they may be 
thus represented, the fcwrinula of sulphuric acid be written 

asdibydricsulftote(H*^^);then-- 

Hydricptossic sulphate, is HKSO«; w 

Dipotasdc sulphate, or normal sulphate, K^SO,, , '• 

But there ckto in which a -single atom of a metaL^ldte 
cdcnim, di^lacfes both atoms of the hydrogen, and ften 
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but one salt of such metal can be formed^ Copper, lead, and 
barium are metals Of this kind. These metals, of which the 
atom is thus equivalent chemically to two atoms of hydrogen, 
are called dyads ; so that we write — 

Baric sulphate Ba''S04 

Calcic sulphate Ca^^S04 

Lead sulphate PV^S04 

and so on. The two dashes (")> when used, imply that the 
metal has supplied the place of two atoms of hydrogen. 

Lead sulphate is nearly as insoluble as baric sulphate, and 
strontic sulphate is but little less so. Calcic sulphate is 
more soluble, though still but slightly so ; but most of tlie 
other sulphates are freely soluble. The soluble sulphates 
are often easily formed by dissolving the metal in dilute 
sulphuric acid ; where this cannot be done, the oxide or the 
carbonate of the metal may be dissolved in the acid — 

(l) Zn + HaS04 « ZnSO^ + H*, 

C2)CuO + HaS04 « CUSO4 + HaO; or 

(3) MnCOj + HaS04 - MnS04 + HaO + CO*. 

(33) Hypos fdphites, — Sodic hyposulphite is a salt which 
is used extensively by the photographer. This use depends 
upon the fact that the hyposulphite has the power of dis- 
solving many of the salts of silver which are insoluble in 
water. 

Evp» 164. — ^Add a solution of sodic hyposulphite to s^xne 
freshly precipitated argentic chloride (p. 276) ; the latter will be 
completely dissolved owing to the formation, by double decom- 
position, of argentic sodic hyj^'sulphite readily soluble in water— 

* NagSaO, + AgCl « AgNaSaO, + NaCk^ 

Argentic bromide and argentic iodide may also be dis- 
solved by the hyposulphite, though not so readily. 

Wheja a photograph is washed in water, the excess 01 
soluble argentic nitrate is washed out, but the chloride oi 
iodide remains in the paper. If now this be plunged into a 
solution of sodic hyposulphite, the portion of unaltered in- 
soluble silver salt becomes dissolved in the liquid, while the 
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part which has been blackened by light is unacted on. If 
the picture is then thoroughly washed in *piu:e water it is 
fixed \ that is, it becomes no longer liable to change 6 ti 
exposure to light 

There are several ways of preparing sodic hyposulphite. 
One of tlie simplest consists in digesting a solution of sodic 
sulphite upon flowers of sulphur — 

NaaSO^ + S « Na^SaO^. 

A colourless solution is obtained, from which, on evapora- 
tion, large colourless striated ciystals of sodic hyposulphite 
are easily procured (NuaSaO^, sH^O). Many other hypo- 
sulphites may be obtained, but Aey are unimportant The 
acid cannot be isolated, as it iihmediately begins to undergo 
decomposition into sulphur and sulphurous acid* 

Exp. 165 — Add to a solution of sodic hyposulphite a litUc 
hydrochloric acid. In a few minutes a pungent smell of sul- 
phurous acid will be perceived, while the liquid becomes milky 
from the deposition of sulphur — 

Na,Sa03 + 2HCI « aNaCl + H,S03 + S. 

(34) SutPHXTRETi’ED Htorogen : Syml^. HzB} Atomic and 
MoL Wt. 34; Mol. VoL 111 ; Sp. Gr. 1*1912 ; Eelative 
Wt. 17. 

Ejp. 166, — Place 10 or ij 
grams of ferrous sulphide in 
small •lumps in a gas bottle 
(hig. 62), and pour upon it 
about 100 C.C. of diluted sul- 
phuric acid (i of acid to 6 of 
water) : an effervescence, with 
escape of •this offensive gas, 
immediately occurs — 

H,SO, + FeS « FeSO,+ H,$. 

Other sulphides also furnish 
the gas — sulphide of anti- 
mony, for example, when heated with hydrochloric acid* 
This gas is often wanted in the laboratory for the analysis 


Fig. 62. 
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of ore&r and Fig* da shows a convenient mode of arranging 
the appamtas for liberating it The small bottle contains a 
litMe water, through which the gas bubbles, in order to re- 
move any particles of acid or of iron salt which may have 
been splashed over by the effervescence, before it is passed 
into the solution for analysis. 

Sulphuretted hydrogen is colourless and transparent ; it 
has a disgusting odour of rotten eggs, and is very poisonous 
if breathed. It i^ soluble in about one-third of its bulk of 
water, and the solution, which has the smell of the gas, is a 
useful test for certain metals. But if the solution be kept in 
bottles only partially filled, the oxygen of the air combines 
with the hydrogen of the compound, water is formed, and 
the liquid becomes milky from deposited sulphur — 

2H2S + Oj = 2H2O -f Sa. 

Sulphuretted hydrogen burns in the air with a pale bluish 
flame, furnishing water and sulphurous anhydride. It con- 
tains its own bulk of hydrogen, and half its volume of the 
vapour of sulphur — 

(h!hI + [3 = ItCIl ; 

the three volumes of the constituents becoming condensed 
into two volumes, just as, in the analogous case of water, the 
two volumes of hydrogen and one volume of oxygen furnish 
two volumes of steam. 

Sulphuretted hydrogen, though soluble, may be coflected 
over warm watei, if the gas be made in a retort or in a flask 
fitted with a gas tube. ^ 

Exp, i67»— Fill two small bottles of 250 or 300 c. c. capacity 
with the gas; prepare a bottle of sulphurous anhydride of 
similar size; withdraw the stopper, and close the bottle with a 
gloss plate. Do the same with one of the bottles of sulphuretted 
hydrogen, and invert the sulphurous anhydride over this bottle. 
The two gases will immedLitely, in the presence of the moisture, 
react on each other ; the oxygen of the sulphurous anhydride 
uniting with the hydrogen of the sulphuretted hydrogen, while 
sulphur is deposited. 
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A little pentathionic add (H2S5O6) is always formed at 
the same time— 

511^3 -f* S® 4^*0 4 * 1^281^05 

Chlorine, iodine and bromine also immediately decompose 
sulphuietted hydrogen, with separation of sulphur. 

Sxp, 168. — Repeat the experiment above described, substitu- 
ting a bottle of chlorine for one of sulphurous anhydride : hydro- 
chloric acid is formed, and sulphur is deposited — 

HS + Cla * 2Ha - 4 - S. 

Sulphuretted hydrogen is often piodhced spontaneously 
uncle* various circumstinces. Whenever a soluble sulphate 
of the metal of one of the alkahes or alkaline earths is kept 
in contact with decaying organic matter, where air does not 
find free access, the sulphate becomes reduced ^o the form 
of sulphide, so that soluble sulphides become formed, the 
organic matter removing the oxygen and furnishing water 
and carbonic acid. The deoxidising ac tion on sodic sul- 
phate IS as follows : 

NaaS04 - 2O2 « Nci^S. 

In this way soluble sulphides are formed in ceitam 
springs, such as those of Hairogate and Moflat, giving to 
them their nauseous odour ; since the suljilmretled hydrogen 
is liberated by the action of even so feebly an acid as the 
carbonic — 

*Na^ + H 4 O + COi NajCOj 4- fiiS. 

Owing to the great tendency of sulphur to unite with 
metals the hydrogen in sulphurefted hydrogen may be rea- 
dily replaced by metals forming sulpkydtafes or sulphides. 
Thus if the gas be passed into a solution of potash it is 
quickly absorbed and potassic sulphydrate is produced'— 
KHO + II2S « KHS + HaO. 

Since, however, potassic sulphydrate and potassic hp^drate 
react to form potassic sulphide and w’'ater (KHS + KHO 
— KsS -f- HaO), the solution if only half saturated irith 
sulphuretted hydrogen contains potassic sulphide* 



156 Sulphuretted Hydrogen md the Mettle. 

A solaticm of ammonia, when saturated with sulphuretted 
hydrogen^ is a usefUl test for metals, sHsN 4* K^S yieldis^ 
(H4N),S. 

Metals the atom of which, like potassium, take the place 
of a single atom of hydrogen usu^ly £Dim two compounds 
with sulphuretted hyebogen, in one of which a single atom 
of the hydrogen is displaced by the metal, and in the Other 
both atoms aie displaced ; for instance, we have—* 
Sulphuretted hydrogen HHS 

Hydnc potassic sulphide KHS 

Dipotassic sulphide KKS; 

’ whilst metals of which the atom, like calcium, displaces two 
atoms of hydrogen form but a single compound when acted 
upon by the gas ; as, for example— 

Baric sulphide BaS, 

Calcic sulphide CaS ; and so on. 

Certain metals may be precipitated from theii acidulated 
solutions by sulphuretted hydrogen . Among tliese are sdver, 
bismuth, mercury, lead, copper, gold, platinum, tin, antimony, 
and arsenicum ; and tlie preapitate, which is usually in the 
form of a hydrate, often has a characteristic colour. 

JSxp. 169. — Prepare a solution of sulphuretted hydrogen in 
water, by passing a stream of bubbles of the gas through 
water for a few minutes. Add some of this solution to a dilute 
solution of tartalised antimony . a beautiful orange-coloured 
antimony sulphide is separated With a dilute solution oi 
stannic chloride, a yellow stannic sulphide will be formed 5 and 
with a solurion of cupric sulphate, also largely diluted, a 
brownish-black cupric sulphide will be obtained. 

Other metals are not precipitated from the acidulated 
solutions of their salts by sulphuretted hydrogen ; among 
these are the salts of iron, cobalt, nickel, manganese, zinc, 
alumiiium, and chromium. Hence it is customary, in the 
analysis of minerals, to employ sulphuretted hydrogen os a 
means* of separating those metals above mentioned which 
are precipitated from their solutions by the action of the 
gas from those which are unacted upon by it 
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In the case of those metals which are not predpitated * 
from their acid solutions by sulphuietted hydrogen, the sut 
phide may generally easily be obtdned by presenting an 
alkali met^ to the acid radical at the same moment that 
the sulphur is presented to the metal which is required m 
the state of insoluble sulphide, and tliis is done by adding a 
soluble sulphide to the solution of the metallic salt Ferrous 
sulphate, for instance, gives no piecipitate with sulphuretted 
hydrogen, but it yields a black ferrous sulphide as soon as * 
Its solution is mixed with one of ilipotassic sulphide — 

FeS04 + K^S « K1SO4 + FeS. 

Many of the sulphides of metals which are preapitated by 
the ga^ from the acid solutions of their salts are soluble in 
the solutions of the alkaline sulphides, owing tc their power 
of forming double sulphides, w'hich are soluble in water. 
Among these are the sulphides of gold, platinum, antimony, 
arscnicUm, and tin, which may be dissolved out and separated 
from other sulphides such as those of copper, bismuth, lead, 
silver and meicury, by treating the mixed precipitates with a 
solution of dipotassic sulphide, m which the metals last 
enumerated axe insoluble. 

The smell of sulphuretted hydrogen is one of its several 
tests; very small traces of it may also be recognised by 
their power of blackening white paper moistened with a 
solufiou of acetate or other salt of lead- 

Exp, 170. — Place a drop of a solution of lead acetate upon a 
piece of paper. Hold it for an instngt near the open bottle of a 
solution of sulphuretted hydrogen . a black or brown stain of 
lead sulplfide will immediately be produced. 

(35) Carbon DrsuLPHiDE; Symb, CS*; Atomu Wt, 76. 
—This is an extremely volatile liquid, usually of very 
oifensive odour, due to some impunty. It exerts a poisonous 
action upon animals. It boils at 48®, giving off a remaarkably 
inflammable vapour. It is considerably heavier than water, 
and is not soluble in it ; but is vexy soluble in ether and 
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alcohol, a» well ^ ih the oils. It is one of Ihe best solveota 
for the oils and fiits, and is used laigely for theii* extraction. It 
also fredy dissolves sulphur, iodine, bromine, and phos- 
phorus. 

i7l.-v^Place a few drops of the disulphide in three or four 
test-tubes. To one add a little powdered sulphur, to a second a 
minute scrap of iodine, to a third a fragment of phosphorus, and 
to a fourth a few drops of water. Notice the beautiful colour 
produced by the iodine, the solution of the sulphur and phos- 
phorus, and the insolubHity of the liquid in water. 

Carbon disulphide is prepared on a large scale by drivirg 
the vapour of sulphur over glowing coke, and condensing 
that vapour in suitably cooled receivers. It is one of the 
few liquids which does not freeze at the lowest temperature 
hitherto obtained. This body combines* with the sulphides 
of the alkali metals^ and forms unstable compounds, which 
arc in some respects analogous to the carbonates, but they 
contain sulphur instead of oxygen ; KjCOa being tlie car- 
bonate, K2CS3 the corresponding sul])hocarbOnate. 

Sulphur combines with chlorine in two proportions. One 
of these (S2CI2) is a yellow liquid, the other (SCI2) is of a 
deep red colour, and fumes strongly in the air. Both are 
decomposed by water. 

2. SlXE?(ZUM, 3. TeIXURIUM. 

Sulphur belongs to a group of elements of which the wther 
two, selmium and Murium^ are of rat^ occurrence, and are 
practically unimportant. All three elements are cliaracterised 
by forming gaseous fetid compounds with hydrogen, con** 
taining two atoms of hydrogen to one atom of the charac- 
teristic element, and in each case the gas contains two 
volumes of hydrogen united with one volume of the vapour 
of the other element, the three volumes having become con- 
densed into the space of two. 

All the three elements have a strong attraction for oxygi^ 
and they each furnish two oacidized compounds, which in 
combmation with water have add properties. 
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b/dni* Si#&tuoiis acii Suli^iuilk Add 

m (H.S) (H^o,) . 

Sdemtirettfd hydro* Sdcttkms add S<|lenic add 

gen(H,$e) - CH.SeO^) (H[,SeO,) 

Tdlnrrttod hydro- T^inousaad Teltewaod 

gen (H,Tc) (H.TeO,) (H,ToO«) 

The properties of seletuom are intermediate between tho^e 
of sulphnir and tellunum ; and this lost has so much resemr 
blance to the metals that it is usually descnbcd among them, 
Of the three, sulphur has the lowest and tellunum the highest ' 
atomic weight J and the specific gravily, the fusing pomt, 
and the boilmg pomt mcrease in the same order as the 
atomic weights . 


CHAPTER VIII. 

PHUSPHOaUS CROUP 

t. Phosphorus a Arsenicum 3 . Antimony 4. Bismuth. 

(36) 1 . Phosphorus Sjmfi P, J/am. ff? 31, Atm. 
Vol. P". of solid, 1*83 , (f vapour, 4 48 , JRel ' 0 't. 

62; Mol. IW P^, 124, Mol Boi&ng Ft . 

288°, Fusing Ft 44 “ 

remarkable eletnaat has considerable lesembhmce to 
the metals arsemeum and antimony. All three form fctid^ 
inflammable, gaseous compounds with hydrogen, m which 
three atoms of hydrogen are united with one atom of the 
other eluiment. Nitrogen has also a near relation to this 
groups but Its hydrogen compound, ammonia, is strongly 
afleahne, sdule the hydrogen compounds of the other mem- 
bers of the gioup are very feebly so. Bismnth, fliough a 
member of this group, fimns no ccunpound with hyuogep. 
Sadi of the five cleBoents ia also distmguidied by funuShing 
t«n> oomponods with osygeiif which, when combmed with 
watery ptesess acid propertieB, excqit the lofwer compound 
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with antimony, which is feebly basic, and that of bismuth, 
which is more strongly basic. 

Anux^onia Nitrous anhydride Nitric anhydride 

(NH3) (NA) (NaOs) 

Phosphuretted hy- Phosphorous anhy- Phosphoric anhy- 

drogen (PHj) dride (PaOj) dride (PaOg) 

Arseniuretted hydro- Arsenious anhydride Arsenic anhydride 
gen (AsH,) (As^Oj) (A^^Og) 

Antimoniurettra hy- Anrimonious anhy- Antimonic anhy- 
drogen (SbHj) dride (Sb^O,) dride (Sb^O,) 

Bismurii oxide Bismulhic anhydride 
(Bi^Og) (BiaOg). 

Arsenicum, antimony, and bismuth will be described with 
the metals. 

Phosphorus is never found uncombined in nature. It 
occurs in small quantities in granite and the older locks, in 
the form of tricalcic phospliate, or phosphate of lime. When 
these rocks crumble down and form soil, they supjily phos- 
phates tp plants, which store them up in considerable quantity 
in their seeds. From the seeds the animals wliich feed upon 
t||ein derive a sufficient quantity for their support. Phosphorus 
coljUCts in the animal system in huge quantities, and fur- 
nishes, as calcic phosphate, the prnK'ipal earthy component 
of the bones. Phospliorus is also an essential ingredient in 
the brain and nervous tissue ; and it passes out of the body 
constantly, in the form of soluble phosphates in the urine, 
anti in the solid excreta as insoluble earthy i>hosphales. It 
is also abundant in guano,?the excrement of scafowl. 

Phosiihorus is now always extracted from calcic phosphate, 
which is generally obtained from bones* ' 

Exp, 172. — Burn a few bones in the open fire. They will 
lenve more than half their weight of a white ash. Grind this ash 
to a fme powder, and mix 30 grams of it with 20 grams of oil of 
vitriol and 180 or 200 grams of water. After standing for some 
hours, strain off the acid liquor from tlie calcic sulphate which is 
formed. Preserve this liquor for preparing some of the soluble 
phosphates. 



Pr^K^tes i6t 

The change in this con(|i$ts in the of 

two thuds of the calcium by the sulphunc aad, in tm in* 
soluble form of calcic su^hates, the iKmie eju^wlddtis 
not soluble in water, becoming convwted into sdo^ 
acid phosphate, as shown bf the equation-^ 

Tncakie Photphate &ttlpIiuncA«i4 ArilShsapfeUft ' tUcipepMute 

Ca,2P0* + aHtS©, W ♦ iCa#* 

If phosphorus is to be ^ tojiulf qh, of *]|te jphos* 

ph ite. or wper^hosphift^^ piq^ied B3r« * 

IS evaporated powit to a «yrbpy 

about a weight of powdan^ nj^awenj, wl0ch 

It la heated r^early to reeteesa 

retort, and slowly raised to a iiili boat n^phorus 
gradually comes over m vapour, and k tbdndensed in water, 
while a large' qjtontify hydrogen and (Mibpnto oxide gases 
pass off, leaving a emtslidluable letadim |bKp^ <ardi hi the 
retort Ihe superphosphate when OhaTco^ is 

decomposed Its calcium retains sudidtodl pitosphprus and 
oxigen to reconfeitil jntotnt alcicpbospha^ 3(Cai$43K)4) 
becoming Cuj, 3FO4 4 s idM^3F04 ; whilatbdphosphoiac aua 
m the presence of the charcoal breaks up astbUows f 
4H,P04 + 16C « F4 4- 6H, 4 - tdCO. ^ 

The phosiihonw^m punned by mnitmg it under warm 
water, heatmg it wuh Ulloode «f broe, and fcnping it, by 
presSuie, through washleatheT'S it « ^en moulded, while 
in the fluid state, by sIlfonDg '1^ to flow into tubes, which are 
next chilled m cold Wl)|% andxthe phosifluims becomes 
solid , 

Phosphorus isat 80 (h «M 4 ' 4 wbsp«»^t, wtuysioOVing sub- 
stance, which fiimeit fbd %]as white vapours, 

smelly sometbinf feebly lumi- 

nous in a dark room> 1^ ]toswlr«in»$ whidi meAis the 
'b^-bcaier' It has a <sp *83, and melts at 44®. 
It is extremely inflammable^ and takes fire jost above its 
melting point- On this account it must always bd kept 
under water, and should not be handled with warm fingers. 
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Fhos^lionM b not tolulile In water, tdit it t« slightly 
so in ether; itis tnon iMlnhle w Iwdzo^ oii iof‘ toipentme, 
snd m tHls 

Is also Itanwn ui two other allobo{>ic forms, 
ris, Y((^ Whi^ phDsjitkirus m slowly produced 

r ibt 8tk3b of pbosplucgus when kept under water 
rat amorphous phosphoorus, is picpared m 

lnn|eiltmo6titffipy hetctM phoii^t^ several hours to 
Ifi mied with nitrogen or with 

cotiillttoih TJlie JKJi^ed phosphorus giadxnlly 

heoOxnns opa^tiijl^lOld'hSa red coloui, ami its sp. 
gjt. becomes UMxeaeed i’t#. Sn tl^s fora tt is msoluhle 
m carbon duMilpyiH sThK^ fnay be used to dissolve out tht 
last tpaceli of the common librm. Wien quite free fiom 
ordma;^ pSHOsphorus, red^ phosphorus may be exposed to tne 
0^ dmtger ft may oe heated in the optn air be 

yi^ #oct* without taking JBtt 1 but If raised to about aSb^ 
it adiatiged into the common form, and huats into a bla/c 
When heated in vessels full of nitrogen, it ma> lie distilled 
lihe hMatnOtt pbolphortn, idm vapour .^ndensmg m cleai, 
c^;j|ide|is drapk^ 

173 -wliMtsKilve t or s decigrams of phosphoius m 
a e< c< carbon diaalpM^ >u tesMube, potu a httk of the 
solution upon a of dUei mg^psptr, and >illow it to di > J he 
lOfi in a doely dmdod form, and will so Ine 
to tb« taidmites 

h ptOpsiliig safety mahhts. 
The ma2ai|a we^wo^red with melted paraffine, and lipped 
with a jp8t^ coasi&ting of poiihssic chlorate, ant monious 
sulphtdo, pWdoted and gum water When they aie 
to he lipMtt 'they am ruhhad \tpoa a surface covered with a 
mu^biwe of lydh half v» wio^ Of powdered 

g^ss. COmmoiNiiwi^thatnhcs have th« phosphorus mixed 

♦ The v»|Hwr of pfe|i(|jO<m» hOi twice «s mtaw etomsiln its moleciile 
«a tMst tlcmniU, aatOlU^ plKXi)Vior»s instead dr a being contained 
m (be nkolcculn AtKUWun rnombleii pho‘^ihorus m tins leipccn 

















i6(5 Pit«sf^»rtts ^nd tfyirp^. * 

Th^ wlii 4^ cUiss kno^ osihe iaetaplwsi>ha.te$, 

whkih ibrti jSn ^lw ai t by nittaite white 

and l«d|S#ptVi^ the iM^pttate tf exom 

of tt^ ^BjSmif!^ be used. 

't%e weAi^ metapbosphoric «dds may 

evefi&^lM obuiin^^ lotuftiMi in water by decomposing the 
j0v<» OT I4a4 salts <oif their ecids by senans of sulphuretted 
hfdregeti. 4 ■• 

, ArSeMtp|Mu4iM|il>M» WtuettoislMifeAdS 

MgPOj ^ «iis W am*0, + Ag.s,- 

4i}^|CfiiMe ^ l*yn)]»!tot>phop;6 Acid 

AgiP,Of * »ih»‘ H^P,0, + SA&S; 

^ silver and the hydrojieu piaees. 

Ibe ordinary uiargendo phospliate would yield the 
common form oif the juud— 

zA^PQ^ + ZHS sHjPO, + jAgjS. 

Adds which, like die mebitphosphoric^ contain one atom 
of hydix^en, capidile tif displacement by a rotu), are called 
mantkisieaxidA ^ Tltose in wM(& the) e ore three atoms of 
lipSyogei) which admit displacement by hydrogen, like the 
oidih^ fbmi of phosphoric acid, are called iribazk acids ; 
white In such cases *$ the pyrophosphuric, which contain 
four atoms of riisplacedble hydrogen, the add ts said to he 
Uhahastc. 

The diOs^KitOuS and hypophosphorous acids are of little 
iiaportari<!e> 

^7W)Wid»My4a>gen phpsphoms foitns three compounds 
one .solid (^f«) ; one liquid (ilioPj), the vapoui of which 
itidames imraedifteljr on reachii^ the oirj and a gas (H,P). 
“Ihte isthe«dfhytWtteo(jphDsphortts thotwedialldewnw. 

pHt^paiRiJWSb plk4mpOf» i Sjmfk 4*m. mi 
Mol, 34 5 £fn>rt^ j M 'iWt vji. 

This is a poisaltii^ ga^ with a cJhguit^ jgarlSJ, 

htghfy inflannoahw li^uefiobll* wndca pmifliitre. it is 
deqiamp^d hy c9^^’ and. thbtli|h unit sedttble in water, 
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lb wholly !^Tbe4 ^ a sohi^itw^ of It 

prtcipitateb th(i Of )s^ > 4 ^ hM ijhmag 

pho$i>h)doa^ arid cot^ive yejlo#. , 

La^ 181.— 0»s«9v* N^jgnvx of Ipotaah Mt jb^ of 

w it( r, place tC m i. $niaU mOU: of ji^Wt fo and 

add 3 or 3 dccigrama of phosphoroO! hsuqiitiK fw bcav df the 
retort just below the surface pf water Iq ^ espawie, 
heat the mixture gently. Itub^ o( gas *p)a bfha !h die mptort, 
and will bnmk wiyt a daA and h sSii(!!^ sit^ 

face of ihe potash solttdon. £y degcimfidie W 
will be dc}uiec 4 of all its oxygen, and thpn tSliW bubbltet hf gha, 
as they esOape |ato the air, wtH Uddt ^ pn>dn0S|lg a m^he 
wreath of phosphoric aiihydndt:| winch bmas a num W of fxng* 
lets, revolving in vettacal plaHtil aropti|l ftlO hxib ef the wreath 
Ubtlfab itaoeenda < 

In thlb beautiful experiment^ whioh ttn^olrc.. care* lest the 
retort be broken by the bitfsURg Of the bnbldes witlnn it, 
phosphuieited hydrogen ga^ is focmedt accepipanitd by 
traces of Che vapovu: of the hqntd phOs]dtMd> which causes tt 
to take fire a$ Sooa as p; hi^s with ^ 

j*««h 

P 4 + 3 lf »0 + 3 KHO w ^ 

I'ure phoSpburetted hythogep, whrwdi doM hO* ^alw fir® 
spontaoeousiy, is obtained by heating pb<»j|ihor'^ which 

lucakbup into phosphoric acidand pht^hurettedhjdrogen — 
• aflrPHO^ » 8H,P0, + H,P, 
Fhosphuretted hydiagpn w feebly alkaUne bs bt* 
vhich is m some tneAsurc amaldgous to thkt of icdrinotila* to 

whi( h It correspohrls ^ ptMoposition, but it coobC&iy onl^ 

h ilf a dbluroe of phosipbOrcm^ stE^xxir and three voliMbes m 
hydrogen m ttt^voJuihie?^ jiie gw, 

Fhosidtorw bnnw wKi^ *h t^lojbsu? tiiilien 
the chlorine b Ite etwcM* If: h soNl iiola^p chkriide 

(P^i), whloib, n^eh iprt: TOh> skater, prpiuws p|i®W^ 
andhyth<)ip1^|toris;ACii^ • < 7 ^ 

pq, + 4i^ m i^,?04 -h 



SiScQU. 


i 6 S 

If iJie phosphorufi is in cpccessnf^ liquid ctUoride (fClj) is 
{ocmed; iiiud tih|i famishes wi^ «li{;itex phos|»h«t^ a&d 
• hydmdiionc «cii#ir— '•< 

4- 3h*o » h»»ho 3 + aw 

Th«re’«m conesponding famttides^Vphdi^&c^s. 


CH4TO«'IX. 

8n.lu;>K Afa> SOROH. 

(aSy Speoa, h comhiatUiQti vi& oxygen as silica or 
silex U ihe most abundant tsolid material found upon tlie 
earth. It d>aas the essential substance of dint, sea sand, 
sand^ne, qparta, agate, and cakedony„ besides enteting 
largely into the co&:qp«mtion of day, and a great number of 
ciystaBiited minerals, and neaily all the common rocks, 
except fimestone. < 

SittcoN — AipH.IV/.2B; Sp.Gr. 2'49— is never 
found uncombined, hut is always obtained by chemical 
means, one method bdng tho heating of sodium in the 
vapour of sihde efejonde (SK34), when common salt is 
foimed and sificon is set fiee. It is a brown powder, which 
Injims Wheft heated strongly in air or oxygen, but which ,at a 
\esy high heSftilthou^ bdow that required for fusing steel, 
may b(e melted il exduded from air. It may be obtainecl 
ciystalliSed in plates and otitahedra, which are hard enough 
to scratch glasa , 

Silicon forms only t'ue oxide, via silktt (SiOa), and this is 
found both Cfyslallised and amotphous. Pure oytStalline 
silica hjis a sp. gr. of 2-643. It occurs in qrmrtt in six-sided 
prisms, endi^ in Six-sided i>yra,mids. AutAhyst is a purple 
v.iriety of quatta. ‘ The amorphous form of silica has a sp. 
gr. of oidy *'3 J it may obtainod ^ mcltuig quarU 
before the oxyfaydrogeU blOwpiue. 44 a mcdiauical 
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mixture of ciy&tSaJSttc a»d qwtz. c^nsjan 

of SL a|:H} 

FM is a foto of chiefly found in 1!&fe hteeif thalk } 

axKl o/a/ is sk li^dMed of amorphous V 

Silica, Oi^ i$ insoluble ilk 'Slid 

in all acicl*^ excej^t the hjfdrcWuorfc, 

Silica, in fine pbwder,^lodiE«ihfa^ a iriWe earth, but it has 
a sliong tendency to unite with ba‘;e 5 , which may 

be etUployed to obtain i% in a puic formT'/f, * 

Erp, iSa.-^Hace about tk> groD^ ef a^bnbcture of petassic 
and sodio eatbonates m a cUay triable, and rai$e it eo a iu*d 
heat^ when fused add t $ gtaxhif of i^ound flint or of flx]^ siatnd to 
the melted mass : cfferv!e*iceu<se*i^ ^fodured to^the 

esc4pe of carbonic anhydride, and the &ihca it* gn^dually dis- 
solved. When tlie decomposition is over, pour ouf the tnasS on 
a ^one slab, and alter it has cooled let % in n(hter: itiOSt 
of It will tlisbolve, with the exception of ^iMe hii|UirHks, such as 
oxide of uon. 

The solution thus obtained conidsts of amhtiiw 
cate(> of potash and soda, nith a large exce^a of the alki^iea. 

A smaller proportion of alkali might have been used, btSt 
it would have required a strongei he^ to m^lt ihe; j^Ucate, 
and the inoduct would have been less easily soluble. 

£xp I S3, - Add gradually to a portion of 4 ^ 1 * solupon dilute 
hydrochloric acid in excoss : the mass become^ jpXrdjf; Ut vi holly ^ 
lodistoUcd, but on evaporating is the silica senates at first 
as a jcUy-likc li>diatc, a»d lhi$^ by further drying* 
vuted into a white earthy-looking gowdci, no longer bokb^e in 
ands. Wash Uie diy mass wiih waiu ab long as anything is 
dissolvtd, the soiulile chlorides may thus readily be removed, 
leaving sifica m a nearly pure st ite, in the amoiphous form. 

J t84--^Heat boma common flints to fedlks? in die fllre, 
and suddenly Quench thorn in water . ibey becotpc very lhable, 
and arc easily reduced to a fine powder. Heat tbi^, add fiydio- 
chloi ic ac d, aiid wash th^ifl|;t!^x^ and the re$)||l; is he«M:]y pure 
bihca. \ y" 

Fxf. 385.--.T0 a^n^tb^IMSXt^ of the scfltfli# of siBisIm the 
alkalies add hydracl^y^'Stcid bi excess, so ns 'w redissolve the 
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P)i 9 ca the elMfr elution in a shallow tray foimcd 
tyinit a pioice 0 f paidumtotr ttaptr over j t><>r>p of wood or of 
gutta pe^a, 10 (Mr ts op), m diaructer, md floit iLis htile 
vessel in n ditJ) of twatcr. The acid and s^uie subst inces aie 
separAlipd fey from tfeo si'it 1, and pa s out into the 

wstHtpD ]f inp StMOr W the dofe he clnuigcd twice a dtv, tl i 
b<{!nQ In tjbp feoOp Will, »n dwee or four dnvs’ time, be iouiid 
to oonsist of V MdtttKMi ^ pure sihca !p water, and miy bt. 
forther eoncentitUfed fey cstittdus evaponUton. 

tatfels fex|Md!POfet<jK;lRUrphnieotpdper,ordialyscr, rclims 
(oJUief^^ Of gfck(iit!iOtt& fofm ui ^dtea, while u dlows the 
cryttalliss tuul ao^d pattrUce to pais through its pence uito 
the water on the Ojtht^r side. 

't'he solttthlm of sihcfi is tasteless, limpifl, and coloutlesi 
but if the evapoh^on fee opnied too far, the silica scpn .ics 
in the foirn of k jelly. » 

Finely dmded silica mpy be giadually diwohtd b) boil- 
ing it with the aUwlieS ot their carbonites, and even Hints in 
fhetr ta^otind condition may he dissolved in strong solu- 
tions of oauttic 4lvah it the solution be cigcsted uiioii 
theta BBder pwssute, 'Ihe Gejse s, or hot springs ot lic- 
femdLpontaih large quantities of silica dissolved, uid as the 
hqido cools deptMat a considctable portion upon objvcts 
exposod U) the stwam They are then often said to be 
‘peWficth' or converted wto sjOne, the silic a being deposited 
m the tfeherseicesi adid preserving the appeorame o*i the 
migpial 

(^} (Jf/ass ■*n*The silicates are very abundant 

natural 4fe3oda<tion& Silicicomfeuieswithbises in several 
di^re>tt proportions, and forms a great vantty of crystal- 
lised minerals, many of whwh cfe double sihcates of complex 
natuM;, 

ti'Aiet consists of a nijxtuifc of several wheates, winch, w he» 
heated to a pattirular tempoptture, wee phrsttc apd viscous, 
tod retain their tnospmciKy on copfen^ The nature and 
proijartnipss of the siHcptpi present axe ipad'e to vajy accord- 
ing to the use to which die gUtm » to Imtpphcd The degree 
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q{ fusibility of the silicates vanes wuleln 
silicate (AljjO^, 28102), is mfeibie In tlie fismce, 

and it is the mattnal of whicR and crd<?Jhles aie 

made* Calcic silicate is oh^ yetjr infoj^ble, wileciiali liie 
feiious silicate (FcO, 2Si0ji) ^Kon^Utuie^ the 011! 

fusible sldf^ of lion refiueis siJiiialft (aPbO, jSlOa) is 

stiU iTioi c i iisible, and fui nishce m tkus glass. ’TOe 

silu ales ot potash and soda a 3 sp very l^ble. All these 
silicitcs, when mixed with eadi other, m# much h>^* 
teuipci uiircs than they do when sepamto. Many of 
wiuii thus melted, possess the exceptional piWperty of 
Ms< iMi), beivieen the point of perfect hqtuduy and solwlifi- 
( Ltioii It IS this VISCOUS condiUon whidh en4>lefi gUss to 
be moulded into the countless foiiqs rdttuired for 4it ot 
liuui) Ciood glass also has the valuahle property of not 
c!\ illising as it cools , in certim caseasoine of the sdWtes, 
however, do crystalhsc out, and then Ih^ glass becomes 
opKiue, and tliough the separate sihoates of wbKh, it con-^ 
Ms^ K more or less readily attacked by water and iUida, if 
tiie [)t()])ortions Ot the mixture are Inopedy sdefctiid, glass 
ionned from these silKate;!» is Tso longei soluble The 
diikicnt varieties of glass are not to be regarded as definite 
comi ounds, but as mixtures m varying proportions of their 
component silicates, which, however, m the best kinds 
gtngrally approach some simple atomic proportions 

Muc L caie is requisite m selecting the materials fjqt the 
finer kinds of glass. Fptash is piefcned to sodi^ because 
the glas> mide from soda has a ulmsh green tinge. Soda 
gues a ny^re fusible gl^lss. The adilition of lime itM:re 4 <wt?s 
itn hiidness and lustre, but diminisJies its fusibihty. An 
t\ces3 of hme is apt to make it milky-looking. 

I Window glass, or is made of a miaBturc of 

silu lies of soda and hme loo^xts of pute white sand, or 
40 of cli Jk, 30 ©if aocia ash, and mm 50 to 1 50 of baioken 0 ^^ 
or are the dsed Ihe i^tnrie isi 

heated gradually, to |ievent it frothing up, atid is afrer- 
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aids nun«|} to a very loton&e boot the 

same mate^Mli[ tn <h0jli|feut ptj^ptHrUaltft «« Bottle glass 
cofttams a jmKet pi%)0]rtton of Sihoa ^^et* wtodoa or 

plate glass, n aude of much tOMs^c It roa- 

sists of a tqudMia ^ silicates of aodth }a6e, alutiuna, and 
lion ^ ^ Boh^iW ishich is i|Wy1uiSJd and infusible, 
IS a niwiimittf moates ^ potash md hrae it is imd for 
mabmg the cOialMffitlOa J^bes eii:>p}<Qi«d in the analysis of or- 
l^aoie substances, and Hennil ts much pnrad in hbnutorv, 
4 The ordittWy i^lass, toftsists ilnM8t eutiitly 

of ialicatee of and lead. The pioporfions of mar 

tennis used are-^joo of fine sand, soo of w 4 lead, loo of 
redm d pearls^ aboi^ go pints of nitre The oxide 
lead rcndeis the ^losifi mueh heavici and more fitsibk, gn it g 
It a higher tefiactnc and dispersive power upon ligl i, and 
gl cater hnlhancy, but it makes it softer ind more easily 
puwshed, and it is also hable fo be corrodtd b) alkaline 
solutions 

Qlass, vhen melted, dissolves tnany of the metallic pudts 
uiliiout losing ith tiaiispaitncy, but brromts c olouied with 
tint* "rtaying aerordtng to tht metallic oxide wnploicd 
Cohah gives a splendid sajiphire blue, mangamtsc a vioki, 
unthium A yelloti, fenous owde a green, feme oxvle a 
jeUou or reddislv-hrosni, cu^aic oxide a green, and cupreous 
oxide iiuby-oted 

Well tnadd glass is not acted on by any acid or mixture 
of acid', dltcopt tibfc hydrofluoiic, which last remoscs its 
sdirg, but It is nbt ijuite ‘insoluble If left long m water, 
or budtd m mo^ ft becomes slpwly detpmposed 
This IS oftm seen ip wme hottks, whidt etdabtt the brilliant 
cdout s of thru plates, due to fhe scidhig' dtf ftottt tbdeot^ce 
of dahfs detached by stow dbeaueal actiQmufmoitltQre, 

luAp 186 -<hwd a litfte glass to a fiae powder fa ef «w«ftar , 
place it on a dkee of tnoistcmd tumlenc puplte! kufficaeiit 
alktlt will be wssfdsetl by the wat^ io tinge the tunnciac 
brown 



C<ifnfQtmds of 

l( g^sis ar(i allowed to cool rapidly deposing 

them while red hot to the idr^ th^ become mconvenicnUy 
brittleu The oeter scrface becomes ijelieV whilst die mner 
portion renttuus dilated hf the heat: as the msiss cools, the 
particles within, V'l^her adhesion the <SN 0 rmil solid for^ 
tion, are still held m eji^r dilated 

such as a scratch on 0ie sutiace^ <er emOge of tem- 
perature from a cold ofteh e^se 

them to cracjk. In ctfdar to aydsd thSiS ^convenience, thOv 
glass is ju>nealed, ( 3 «^ placed in a cham^ heated newly to 
redness, Wheie the material is ailowoit%" faabl ve?y slowly^ 
by VI Inch means tlie pnrtitljis ate enabW to assume thefr 
nutiital position witli regard (to each oHi^. 

GlatiS, however, is a bad oondhctor ot hesa, but dilates 
considciably when heated, SO that even after annealing it is 
liable to crack wlien exposed to sudden changfei of tein- 
ptraiure, such^a*^ that produced by pouring boiling water into 
a cold gloj&s, especially if it be ddek. 

£r^, 187.— Take one of the drt>| 3 » of glass formed by aflow- 
iug Tuelted glass to fall into water, and suddenly nip orf the 
tail : the 0as& flies to pieces with a luUd of explosion^ a«i4 is 
reduced almost to powder. , ^ 

Erp. i88. - Grind 3 dt 4 gratis of huor spar to fmc powder, 
and imx it with an equal weight of powdered glass or fine sand. 
Intio^uce It into a Florence dask -previously fitted with a sound 
cork and a tube bent downwards for vielivering gas*. Pour upon 
the mixture about 30 grams of oil of vitriol, insert the cork and 
tube, and apply a gentle heat: aw densely fuming gas is dis- 
engaged, consisting of sdicit fluoride. 

The chai^ be thds represented— 

aCaT-t Hh «iiaSD 4 «* ‘SiiF^ + 2 CaS 04 aHaO. 

Tli^ gd 4 '{^¥ 4 } Jfhust not bk ittteBed, as it is very irr^tiog, 
and produces toughing* \Vhen dry, it is ^louriess and 
transpait'ot Water pVo<|hcej 5 a remarkable Change in it. 

iSg.^-rPass the gaS into a glass of water. Each bubbly ^ 
as it ri?cs becomes coated with a white opaque film, composed oJf 
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'Wlifift ^ {iqiitd becomes {nten<id]r acid, from the 
fomiAHoii tjS if Djihir add (^e b^rdrofluoSilidc), water being dc> 
coR!|{MM<l«t ^i^tsante time— 

’ + , 2 H ,0 * SiO, + SiF^. 

It is the strdng tendency to the fornJalion of 

sllietC fluoride that hydrofluoric acid corrodes gU«s so 
rapidly. 

, ^icoit aiso forms a compound with chlorine (SiCl*), and 
WTtlt ItfOtpihe J)oth of a'hich are volatile liquids 

which are decomposed by water, A remarkable gaseous 
compqimd with hydrogen (.SiH,) is aKo known. It takes 
fire as soon as it escapes into the air, and may be prot nred, 
miXfil with hydrogen, by decomposing a compound of 
dlicon and magnesium by means of hy bochloric acid. 

Silicon belongs to tlife group of tetrad elements: it has 
certain points of resemblance wife the rare substances 
titanium and airconium on die one hand, and with carbon 
on the other. All these elements form volatile compomuK 
with four atoms of chlorine (CCI4, SiCl4, TiC^, ZrCl^l 
These ddOndfe are colourless liquids, extept zircon ic 
chloride, wlridr is solid. 

(390) Bottoir: B; Jtom, TF/. it. 

“iTOs is fee cliamCteristi'' elein'’nt in bi lacic acid, wiiich 
enters into tlie formation of borax, fee sodium salt oh this 
add. It is an olive brown powder, which may be obtained 
by fiiising 5 pafcts of bony-ic add with 3 of sodium in a 
covered iton crucible, previously made red hot, crncting the 
mixture with three |>artS of common salt, iire\ ioiw>ly fused, 
and ibroken into coarse powdCr, An intense action occurs, 
and the mass liecomes melted. > It is to be poiued in this 
led-lKtft cendiflon into a large and deep vessel containing 
water ftddqlated with Itydrochloric add. The boron re- 
mains tmdissolved. % thsing it with alstssinuni, is which 
metal it is dioaobted, liotaiR has also obtained in 
crystals, Which arc tnn.sparent, and nearly os bard as 
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diaraond. This ekment is iemafltaW<j of 

combixung diicctly 'with nitrogen feeW0d‘‘ fe the gas, 
forming a grey i>o\V(ier. When heated with it 

bums freely, and combines with it, fumi^^ibg a t^Pa)# 
whi( h is imihediaudy decomposed by ivater.i|^ fcomcic and 
hydrochloric acivis — 

2BCI5 + 4H,0 « 6HC1 + alJBOa. 

Boracie JnAyAitfr (Synth is thei^ly IcnWn oxide 
of boron. It combines with water, and then ftytms boracic 
arifl, which crysialliaes in white, ]>eariy-iook(ttg^ sca'Jes 
(iJBOs, H,0) ; for- ' 

E^Oj + 3H*0 =« «{HE0,H,0). 

I'lie ino&i abundant source of boracic acid is th® district 
called tile Marcnmia, in Tuscany, where it occiuj in the W 
foinbmcd ttnto. It issues in small quantities in the jeta Of 
steam called sojfioni^ which ore produced by voluinic heat. 
'J'lusr jets aie dne< led into ba^ms formed of Ixripkwork and 
fillcvl with lAater, when the steam is condtjnsCd, aaid n I'cak 
solution of bonuic atid obtained. This si)ktion is con 
centrated in slullow |»ans by the heat of lljje jets of skCOm 
Ihemselxcs, dncctevl beneath them, and the acid is finally 
iTystillised out on coohng. 

Boiax (Na/), 2B2O3, 10JI2O) is the most important salt 
of tlK' aacl. It is a natural production obtained by the 
dr>ing uj) of certain lakes of 'riiibet, and it has lately Itecn 
found in Cahfoinui and in Some other localities. The crude 
Indian bora\ is called fincaL Borax is used as a flux m 
soldering„as it dissolves mo.st metallic oxides and kaves a 
clean suiface of the metal : it is often added to enamel^, for 
the puqjose of rendering them more fusible, and i$ a$ed by 
the refiner in melting ^oJd and silver, for 
cibles les« porous, ar«d foi rendering the collection of 
metal mote easy, 

£Af, i9o.--*pend fhe end of a piece of.flain wire, 8 

or 10 cm. long, into a smoU Jiook; heat the trirc IfO fodHeas, isid 
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iiibtnjuly touch a fprj^tal of borax ^ tor^e as t *ipHt pe^a A^itb the 
aniee: il w^ijyi aillhata to the wire “Vltkfi introduce the wire and 
crystal/ of a spiritttiKmp. The bomse vnU mtsll 
op, becoxefa |SiS^tite and i»A tvUl then itielt Into a clear 
glassy bepil 

Bpraat dissolves thorny metallic oxides wlten imdted with 
them, and hence is ofhaji used as a test before the blow- 
pifie (Fig. 66), 

xp.-r^Tmek the bc^d just made with a wiic ipoisicned 
With* i^oittUon of dbbalt Then mtk the bonx again 

m the dame* A ^beantifat bide bead is obtn ned^ which is 
aJmost ojpa^ue if^ the quantity of cobalt be considerable If a 
scarcely visible fniiginent of manganese oxide be used, a purjdibh 
beaUiobbtaltied 

Bomcic add is Msnsily obtained from boia^. 

-Sj^ i9a.'T-Di»8Ql|ve 40 grams of bomx m about 4 times its 
weight of bdhng w^ter; add to the hot solution 10 ^ tarns of 
oil of t»:ovioujdy mtxacl with its own bulk of waici. Sodic 
sulph&te^s Ipmed, and remams in solnuon* hdc pcariy cr> st.ils 
of boradb aCid am deposited as the liquid cools Pour oft the 
session, dry the cijbtals by pnssure between pieces of blotting-* 
paper. X^laoe q few ot them on a slip of platinum foil, and ht it 
them in she flame of a spirit lamp* Watci is diivcn oti, and tl e 
anhydride which is left melts mto a clear glass. 

JS^, ip5,«^Pissolve a few crystals of the boracu .uid 111 i 
small di&h a teaspoenful of alcohol Set fixe to the -.pn it 
n bum$ flame, which 1$ a good ttst foi bbi-uic 

acid* green flame Is obtained if a ciyst.d of borax be 

mt^tienied widli aui(pl)fific a^d and alcohol added, and kindled 

befpre. 

’tbh grd# adieu sech in th|t spectroscope^ contams 
a aencs of peculiar green baiids* 

Boron Jri& ftuowne a gaseous if^mride (BFl,), 
which>is ett6Jil(jr obtafoed by beatiftg boracic anhydride with 
tutce Its weight of powdered spar to redness in an 
iron tubftr ^ 

Boron belongs eoJte of ta&ui elements, but in many 
properties il resembl^ crillcon mote tfcan aby otbet element 
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CHAl^TER X. 

COAL CAS, AND OTHER COMPOUNDS OP CARBON. 

(40) I'he two elements carbon and hydrogen furnish by 
their union a veiy numerous series of compounds, of which 
some are gaseous, some liquid, and some solid. They have 
received the general name of hydrocarbons \ but the full 
study of these remarkable substances belongs to the division 
of clicmicai science known as organic chemistry, since they, 
are, i)ra<'tically, always derived from the decomposition of 
bodies of organic origin. 

Many of these bodies consist of absolutely identical pro- 
portions of the two element^, though they differ widely in 
l)roperties. When compared together in their gaseous state 
the) difier in density, so that the number of ittoms of the 
elements in the molecule of these compounds must be 
duferent, although on analysis they yield the same propor- 
tions of each clement. Let us take, for instance, a few of the 
many compounds of which 100 parts consist, of 8571 of 
carbon and 14 '29 of hydrogen ; 

1 1-19 litres of olefiant gas (C,H4) weigh 14 grams 

„ oil gas (C4H,) „ 28 „ 

„ octylenegas „ 56 „ 

„ cetylcncgas „ 112 „ 

The density of oil gas is double that of olefiant gas ; whilst 
that of octylene is double that of oil gas, and cetylene is 
double that of octylene. Such bodies are said to be 
polymeric. 

OLFFiA?rr Gas (or Ethylmf)\ Synth, Oftd 

MoL Uy. 28; .5*^. Gr. 0*978; Ed. IVt. 14. 

Exp. 194- — Introduce into a retort which will hold a litre 30 
c. c. of alcohol and 60 c. c. of toil of vitriol Heat the mixture, and 
collect th^ gas over water; continuing the experiment until the 
mass blackens and swells up considerably. The gas consists at 
first chiefly of olefiant gas, mixed with ether Vapour; but towards 
the end It becomes mingled with sulphurous anhydride. 

N 
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The pcodoction of olefiant gas is due to the removal of 
the elements of water firom the alcohol by the action of the 
add. This occurs in two .stages; in die first of which 
ethylsttlidninc add is fotmed, and in the second stage tliis 
body is decomposed— 

AltiobbX Acid Sch^lph. Aotd Whter 

<i) C;H«0 + H.SO, « HCfiHjSO* Bfi 

And cthylsulphuric acid, wlien heated, is decomposed — 

(2) HC^KgSO^ 

becoming olefiant gas (C»H4) and sulphuric acid (H»S04). 

Olefiant gas ha$ no colour, but a faint sweetish smell, as of 
garlic. It is but Utde soluble in water. Under great pres- 
sures it may be liquefied, but has not been frozen. It is 
combustible, but will not support life. 

195.—* Plunge .a lighted taper into a small jar of the eras. 
The taper will be extii3Lguished, but the gas will bum at tlie 
mouth of the jar with a bright smoky flame. 

If mixed with three times its bulk of oxygen, it explodes 
vi<;|||pntly by the action of flame or of the electric sixark. If 
care be taken, tlie gas may be analysed by this means : steam 
is formed and immediately condensed, the 4 volumeb of the 
mixture giving a volumes of carbonic anhytiride — 

C,H4 + 3O2 :« aCOz -h 2H4O. 

Msiip, 1916,4-Mix half a litre of the gas with the same qi^antity 
of chlorine, and let the mixture stand over water: the two gases 
combine slowly apd form drops of a yellowish liquid, which col- 
lect on thq surface of the water, and sink to the bottom as 
they It^crease in sise. 

Tlie name oiejiant^ or ♦ oil-maker/ gas was derived from 
this circumi^ancey and the liquid itself, which was discovered 
by Dutch chemists, is caJ,^ Uquid (CasH4C]2). 

Exp^ i97.-.-Mix half a litre of olefiant gas in a taH jar with a 
litre of chlorine, and, having closed the jar with a glass plate, 
mix the gases by agitation j then apply a light. The mixture 
will bum quietly, with the fottnation of a dense black smoke. 
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The chlorine in thfs case combines urith the hydrogen, 
forming hydrochloric add, while the of the carbon fe 
sci)arated — 

+ aClte 4Ha + C** 

Olefiant gas is one of the substances found in coal gas, 
and is among the gases given off when fats and rosin are 
decomposed by heat 

Marsh GaS: Sjrjtik CH4 — ox Mdhyl Hydride ifZVL^ H)— r 
Aiom, md Mol, Wi. x6} Sp, Gr, 0 * 55 ; Rd, Hit, 8 . 

This is the simplest of the compounds of carbon with 
h)^(lrogen. It is easily obtained, in an impure state, mixed 
with nitrogen and carbonic ’‘anhydride, by stirring the mud 
of stagnant pools, when it rises in bubbles tO the surface, as 
a result of the de<'omposition of vegetable matiet It is also 
ainindant in coat gas, as it is one of the substances most 
freciucnitly produced by the distillation of organic matters at 
a liigh temperature. It is this gas which escapes from the 
scAiiis of <oal, and which, when mixed with air, fills the 
workings of the mines with the inflammable material kn^jra 
as fire-damp^ and this gi\es rise to the disastrous explosions 
whith occur fipm time to lime in our collieries. 

Marsh gas may be obtained pure by distilling one of the 
acetates with a hydrated alkaline base; for example: 

S\^dic Acetate Sodie Hydmtei Sodic Carb. Mavsh Clai 

NaC.H.O, + NaHO - N8.C0, + CH*. . 

Half the carbon remains behhul as carbonate, with ‘the 
whole of tlie oxygen in combination with the basej^ while 
the other Jialf of the carbon imites with the whole of 
hydrogen to form marsh gas. 

Mardi gas has neidier colour, odour, nor taste. It does 
not stipport life, but is ^ poisonous if breathed "when 
mixed with air. It is but veiy slightly soluble in water, sad 
has not been liquefied either by cold or pressure. It bums 
with a yellowish dame. It requires twice its bulk of oxygen 
for complete combustion, and then explodes with the forma- 
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tion of its own bulk of carbonic anliydride, the steam which is 
formed becoming immediately condensed, the three volumes 
of gas before combustion becoming one afterwards-— 

CH4 4- 2O2 a::* COz + 2 HzO. 

If a mixture of about 10 volumes of air with i of marsh 
gas be made, it will contain the quantity of oxygen necessaiy 
for complete combustion, and will explode powerfully on 
the approach of a light ; 8 volumes of nitrogen and i of 
carbonic anhydride will be produced, while the steam will 
be immediately condensed. Hence the after-damp^ or air 
left in a mine after an explosion lias occurred, is entirely 
unfit for the support of human life ; so that persons exjiosed 
to its influence perish as surely as they do from the direct 
effects of the flame. 

Marsh gas, mixed with less than between two and three 
times its bulk of air, docs not explode on the application of 
flame ; and, if diluted with more than i8 or 20 parts of air, it 
only burns rapidly, but does not explode with sudden violence. 

Sir H. Davy’s safety lamp was contrived for the purjiose 
of preventing these calamitous explosions in mines. Marsli 
gas requires a high temperature to set it on fire ; so that, to 
kindle it, a substance must be not merely red hot, but neaily 
white hot 

£xp. 198, — ^Twist a piece of ratlier thick platinum v^ire 5 or 6 
times round a thin glass rod, so as to form a coil at one end of 
the wire; hold this coil m the flame of a spirit lamp until it is led 
hot, then instantly place it hi a jet of coal gas which is not bum*' 
mg, but is allowed to escape into the air. The wire will continue 
to glow without kindling the gas. 

Exp. 199, — Place a sheet of iron or copper wire gauze, con- 
taining about ICO meshes in a square centimetre, over the flame 
of a spirit lamp ; the flame will not pass through the gauze, owing 
to its being cooled down below its inflaming point A piece of 
coarse gauze conlaming from 4 to 9 meshes in the sq. centim. 
will not prevent the flame from jpassing through. 

Sii H. Davy’s safety lamp is merely an oil lamp, enclosed 



Nature of Flame. 1 8 1 

within a cylinder of fine wire gauze provided with a double 
top, and with a crooked wire passing up through the body 
of the lamp to trim the wick. When such a lamp is intro- 
duced into an atmosphere containing fire-damp, the flame is 
seen to enlarge until, when die proportion of marsh gas 
becomes large, it burns on the inner surface of the cylinden 
Whenever this pale enlarged flame is seen^ the miner must 
withdraw; for though no exjflosion can occur while the 
gauze is sound, yet the metal at tliat high temperature 
becomes corroded, and might easily break into holes, and a 
single large hole would be sufficient to cause an explosion. 

Flame is never produced ^by a burning body, unless that 
body is converted into vapour before it bums ; cliiircoal and 
iron, for instance, are not volatile, and they do not bum 
witli llanie ; but phosjihorus, sulphur, and zinc, all of which 
arc A olatilise<l before they take fiie, burn with flame. Flame 
is hollow, and contains unburned combustible matter within, 
forming in fact a sort of luminous bubble. 

I2xp, 200.— Support one end of a tube, 12 or 14. cm. 
and 6 or 8 mm. in diameter, just above the wick in the 
f] une of a lighted candle. Vapours will pass up the tube, and 
may be buincd at the other end. 

The light and heat of flames are not proportioned to each 
other. "J he oxybydrogen jet is the hottest flame known, 
but itgives out scarcely any light If, however, a little solid 
matter, such as a piece of lime or the stem of a tobacco 
pipe, be introduced, the light becomes very intense, althoiijs^i 
the effect of the se solids is to lower the temperature of the 
flame. Af high temperatures a solid body, when heated, 
even though it does not burn, gives out light At first the 
light is* dull red; as the heat increases it becomes yellow, 
then full wliite, and, when extremely intense, it has a tipge of 
violet All our common luminous flames contain carbon in 
the solid state, which, when heated strongly, gives out light 

jSxp. 201.— Place a cold saucer in a jet of burning Coal gas : 
it is quickly covered with soot Do the same in a candle flame : 
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the saucer is blackened. Trv the experiment with the scarcely 
luminous ilame of a spirit lamp : no soot is fot mod. 


The deposit of soot is occasioned by the decomposition 
of okhont gas and marsh gas under Oie influence of a high 
tenij)ciaUuo , hydiogen is partially sepaiated from the carbon, 
and, being moie mtlanmuble. bums first, heating the carbon 
intensely. If the cat bon reach the oxygon of the air at this 
higii tcinpeiatuie, it bums away also ; but the cold suifatc 
cools itbcfoie itenters into combnutJon, lud so it is deposited 
Frp. 202. — Kindle a common Aigatid gas-buinei and place 
a sjlass cliiinnc) ovci it Obscivc the strong light it gntt> out 
Remove the chimney, blow out the flame, u place the < himnev, 
cohering the uppei end with a cap of line wne gaii t , tiuu 
kindle tilt gas abpve the gau/u The gas will hi\< be* >mc 
nn\Ld with air, r^iil bum quietly above the gau/c, but will not 
^ i\«. out lichu noj will Jt smoke a coM saiucr. 


Jlie air burns the carbon and hvhogeo together bt lute 
they ( an st ])arate. Wlut is called bmiseno burner at ts upon 

a sfiilar juuh iple , it < on- 
^ S1«IS of «i jet of gas {a, 
>vhnh IS sin- 
loimdcd by a lube of metal 
{«) at the bottom of whub 
aie opt mugs for the admis- 
sion of air {li), the gas 
passes up tlie tube, and 
])c comes mixed with llie air 
wliah onteis at the open- 
ings near the bottom, and 
it bums wiiliout smoke 
when kindhd at the top. 
A sufficient supply of g is must be kept 
up, 01 else tlie flame will recede into 
the tube, and tlie gas will bum at the bottom. 

I'he stnictore ci flame may be c^xamined easily in tlie 
flime of a candle. It will be jf^ecn to consist of sevciai 
disin.ct pcjdtions, as shown in Kig 6q. 
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The flame is maintained by the decomposition of the 
melted wax or taljow wliich rises in tiliO wieje, wheie it is 
converted into gas^s-by the h<feit At the lower part of the 
flame these gase$ become at once mixed with atmos])heric 
air, no separation of carlwn ocf^urs, and they bum with a 
pale blue light at a. The greater part of the combustible 
vaj)ours are still unburned ; they rise above the wick, and 
form the central dark part of the flame A Here they aie 
decomposed by llte heat produced by the combustion ol the 
jiarts below. This heat causes the separation of solid par- 
ticles of carbon, w^hich become intensely hot, and give out 
lii»ht chiefly in tlic part inafked c. This carbon itself burns 
iiwny gradually as it rises to the surface of the flame, where 


Fig. 65. 
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it ineeis with fiesh oxygen, and disapj>i!te 
ill the foim ot transparent carbonic an*- 
dnde //. 

By directing a jet of air into a flame the 
combustion may be jsndcrefl more acti\ e, and may 
be (oncentiated intolP small space., so as to afford a 
\ ery high tom];ernture. It is upon this principle that 
that >cry useful instrument the mouth blow-pipe 
acts. Fig. 65 shows a convenient form of it If by 
Us means a < urrent of an be directed horizontally 
across the /lame a httle above the wick, the flame loses 
Us biilhancy, and is tlirown to one side in die form of 
a beautiful pointed cone (hig. 66), in which three dis- 
line t parts aie visible, Tn the centre is a well-marked 
blue c one ending at a ; oiilsicfe this is a whiter and 
more Jummous cone, and again outside tliis brilliant |[| 
rone, which ends at is a third pale yellow flame c. 

'J'be (lilteieni jiarts of the flame vary in the effects which they 
produce j the blue cone us prodiu ed by the complete com 
jiustion 0f ])art of die vapour in the excess of oxygen 
sufijflied by the Jet of air to dial part of the flame. Beyond 
this the combustible vapour contiUuaiJy rising from the 
uick forms the lumindus^ition,vvluc]i is very hot, and from 
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Use of tJie Bl<mf>ipe. 

its containing an excess of combustiWe matter, is ready to 
take oxygen from any substance which is exposed to it It 
is called the reducing flame. At the outer point of the flame 
the effects are reversed ; atmospheric oxygen is earned for- 

Fig. 66. 



ward by the jet of flame, and becomes heated by it, so that 
an oxidising action occurs : if a j6agment of a metal be cx- 
pose<l to the action of diis part of the flame, it will be con- 
verted into oxide. 

Exp^ 203. — Introduce a small piece of common flint glass 
tube into the reducing flame^heiytctn a and d (Fig. 66), obtained 
by blowing gently through a candle fl^unc. The glass w^ill bt‘- 
comc opaque and black, because the le^ will be reduced fiom 
the transparent form of oxide to the opaque condition of metal. 
When this has happened, place the black portion just in front of 
the oxidating flame at c. The discolouration will slowly dis-i 
appear, and the lead will recombine with oxygen from the air, 
and again become transparent. 

In skilful hands the blowpipe enables the observes to 
obtain quickly results of great value. Many compounds, 
when heated on a piece of charcoal in the reducing flame, 
immediately >ield up their metallic basis ; and by tlie colour 
of the little bead, and its malleability or brittleness, it may 
easily be known what metal is present 

Sometimes when the body does not yiehl a metal readily, a 
platinurp wire, d (Fig. 66), bent into a hook at one end, forms 
a convenient support for the substance, which should not 
exceed a mustard seed in bulk. It will easily be ascertained 
whether the substance melts ; whether it yields a transparent 
an opaque, or a coloured bead ; whether it changes the 
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colour of the flame, and whether the effect of the reducing 
flame differs from that of the oxidating flame upon the body 
under examination. 

A little borax or phosphate of sodium and ammonium, 
commonly called microcosmic salt, sometimes assists the 
examination. 

When the substance is placed on charcoal sodic carbonate 
furnishes a flux which is often very useful. 

204. — Select a small slick of charcoal, and with the 
point of a knife make a small cavity of the size of a split pea 
upon the side near one end. Pul a little white lead in the cavity, 
and beat it before the blowpipe in the reducing flame. A little 
bead of lead will easily be obtained, surrounded by a border of 
>cHow lead oxide. The lead will flatten undifer lianuncr. 

205, — Place in a cavity in another piece of charcoal a 
small fragment of copper oxide, with about its own bulk of sodic 
(aibonatc. The metal will require a stronger beat, but may 
be 1 educed in like manner. If the little bead be placed between 
two folds of paper it may be flattened with the hammer, and 
will show the red colour of copper. 

Certain kinds of coal, such as cannel coal and 
the biiuminifcrous house coal used in London, when heated, 
iiiulcrgo decomposition, their constituents rearrange them- 
selves in new forms, and give out a large quantity of gas, 
whidi bums with brilliant jets of flame. If such coal, instead 
of being allowed to burn in the open fire, is heated 4)ut of 
the air 111 iron or day retorts ptpvided with an escaj^e-tube, 
a large quantity of gas may be collected, and may be used 
for illuminating or heating purposes. This is the common 
process of making coal gas. The prbducts obtained by 
heating coal in this manner arc very numerous. The solid 
u-^idue in the retort, after the volatile matters have been 
diiven off, constitutes •gas coke,' Among the volatile 
matters vre water, along with which condense the sulphide 
and ('arbonate of ammonium ; besides this there is a dense 
black offensive viscid liquid, known as coal tar, which is a 
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very complac mixture, chiefly co-nsistiniji of hydiwajrbooe atlfl 
carbolic acid ; some portiops of these b]|;4^oqibop«1^p}^^ 
the material from which a]nlUne,.the basis of of tbe coal- 
tar dyes, is procured. The gaseous products are also very 
numerous ; among them are oleflant gas, and some other 
gases of greater density, but of a similar cli^iracterj, ^htch 
furnish die most important iilluminatiii^g constituents; marsh 
gas, hydrogen, and carbonic oxide are also present; but 
they have little illuminating power. There are aho small 
iluantiues of sulphuretted hydrogen, caibonic anhydride, 
cyanogen, and carbon disulphide, all of uhich it is the 
object of the gas-maker to remove This is done by pass- 
ing the gas over hydrated ferric oxide and slaked lime ; the 
non oxide rethoveu the sulphuietted hydrogen and cyanogen, 
while the carbonic anhydride is stopped by the lime. The 
gas, when thus punfle^ is washed with water to get rid of 
small quantities of ammbnb, and is afterwards stoied up m 
vast iron reservoirs or gas-holders, fiom which it is dis- 
tiibuted for consumption. 

The removal of the sulphur compounds is especi.illy neces- 
sary; because, when burned, they furnl^h sulphurous and 
sulphuric acids, which are »Try injurious to furniture, books, 
and paintings exposed to their action. The other nutenals 
furnish only water and carbonic anhydiide, when burned 
with a sufficient supply of air. • 

CdB gas has a peculiar oflcnsive odour, due in part to a 
compound of carbon and h^tli ogeu called acetylene (CaHj), 
If c oal gas escape into the atmobphcre, it forms an explosive 
mixture. Hence, if a smell of gas be perceived is a room, 
no light must be admitted ; the supply of gas should be at 
once shut off from the main, and the doors and windows 
throwrf open to ventflatc the house or the room. After- 
wards the cause of the escape may be sought 

2o6.-*-Pla^e 15 or ao giams of coal in small fragments 
in a tube of Bobemiati glass, a (Fig. 67), 16 or »o cehtmietres 
long, and sealed at one end; to the other end fit a good cork, 
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through which a qufll tobe bent at a right angl^ md 
fitted into a phi 4 (#)* in one limb of the bent tube 0 i^c a 
piece of teddened litmu$ paper? in the other (</b a piece of 
fijtering-jwiper moistened with a &(dution i^feaul ^acetate. Place 
a Itulc in the test-tube and ccr 11 v< 5 t the gas which 

comes ovei m a gas jar {/) provided with a stop-cock. Heat 
ilic &be a gtfidually by placing it in a tray of coarsO wire 
gauze, and surrounding n with lighted charcoal; let it rise to 


Fig- 67. 



dull icclnoss Tar will become condensed, mixed with water 
in />, Uic nd liinius in c will become blue from the ammonia, tlie 
lead salt w ill 1 tc blackened by the sulphuretted b)'drogen, the lirae- 
W4itci ion<leicd milky by the carbonic acid,while^liifiammab}e 
gas will be c ollectod in the jar, and maybe burned by tranistarrmg 
thetjar to the deep part of the trougbi depressing it the water, 
and lighting the gas as it escapes on gradually openin|;()^ Stop* 
cock. Coke will be left in the glass tube. 

hxjft, 207. —Hold a cold wide ^lass tube, of a metre or more 
in length, ovci a jet of buining coal gas ; moisture will speedily 
become Condensed on the cold sides of the tube* owing to the 
formation of water by the burning of the hydrogen. 

Exp* 208*— Pour a little limewater Into the tube, having closed 
one end with the band a£ter withdrawing it fiom thefiSme t the 
limew ater will become turbid by absorbing caiAipidc add. f 

A single jet of coal gas, consumlhg iibdilt is6 }itres 
(S cubic ftet) of gas per hour, will prodttjW? a qilsurter 
of a litre of wuter ns it burns. 


l88 Cyanogen. 

(41) CiTANoaEN: Symh. Cn or Cy; Rd. and Atom. Wt 
26; Mol. Wt 52; Mol Vol. m > Cy*; Sf. Gr. r‘8o6. 

This is the name given to the compound which carbon 
forms with nitrogen/the * blue producer,* owing to its being 
the characteristic component of Prussian blue* The two 
elements do not combine ditectly ; but if nitrogen be 
passed over a red-hot mixture of charcoal and potassic car- 
bonate, the carbon and nitrogen unite with the potassium, 
while carbonic oxide escapes — 

KaCOa + 4C + N* « sKCN + 3CO* 
Cyanogen is always one of the products obtained, in small 
quantities, during the distillation of pit coal \ but its com- 
pounds are usually obtained from the cyanide of iron and 
potassium, which crystallises in large yellow tables, an^l is 
known as potassic feirocyanide or prussiate of potash 

(K^FeCys, sH.O)- 

This salt is prepared by heating to dull redness, in a covered 
iron pot, about 5 parts of parings of horns, hides, hc)of'>, or 
other animal refuse, with 2 parts of pepilash and iron filings. 
The nitrogen and carbon combine at the high temperature, 
and unite with the iron and a pcstion of reduced iJotassium. 

If this salt be dissolved in water and distilled with diluted 
sulphuric acjd, the intensely poisonous prussic or hydro- 
cyanic acid comes over, and the distilled liquid, if saturated 
with mercuric oxide, furnishes mercuric cyanide (HgCy^) ; 
which, if thoroughly dried, and heated in a test-tube, becomes 
decomposed into metallic mercury and cyanogen gas — 
HgCya « Hg + Cya. 

Cyanogen is a transparent, colourless gas, with a peculiar 
penetrating odour. It is very poisonous, and is combustible. 
If a jet of the gas be kindled, it bums with a cliaracteristic 
rose-hedged purple fiame. It is soluble in water and in 
alcohol, 

The pecuKar character of cyanogen is its property, though 
a compound, of combining with the metals like one of the 



Hydro^mk Acid, 

halogen^ h^ate4j 'W/the gas 

with it, aiid fprhiipo^Sic . ^his’circuiiM^^ 

given rise to flic theosy of ccn^^nd roMcais^ now so 
sively applied ia Or^piiic chemistry, cy^gen hein^ *^0 fest 
of these radicals;;whidh was obtained. ; , ^ ,, , ' 

Cyanogen forte with hydrogen an acB 
intensely poisonous aadlHC^}, 

cannot be obtained by the direct uniqn (tf its compdnjte^ 
The vapour of this acid contains one.v(4ttte of 
and one of cyanogen, united without 'condensation^ . as in' the 
case of hydrochloric acid, and the hydrogen adds of the 
other halogens. It is a very volatile liquid, which boils at 
26*5® C. ; but on account 'of its poisonous Character, it is 
rarely prepared in a pure state. The v^fjqur & ihSamina^, , 
and bums jrith a whiter flame than that ^ i^^au^geai, 
it resembles in appearance, • ' , 

In a diluted state it is obtained by distiliteg a solufldn of 
the cyanide or of the fcrrocyanide of potassium irith diluted 
sulphuric add, taking care that the vapours are^ carried away 
at once by a brisk current of air— " 

KCy + H,S 04 « HGy + KHSO^ 

It is better not to make tliese experiments without the tdd of 
some person of experience. 

The solution of this add has an odour resembhh^ tet irf 
pciffcli-blossoms. Its acid properties are feeble ; it dqesnot 
neutralise potash perfidy, but dissolves mercuric dxiJe very 
readily; and it gives a white piiecipitate of arg^tic cyanide#: 
(AgCy) when mixed with a solution of atgeptic nitrate. A 
good te9t of the acid is to add a slight excess of'^ash, .ahd 
then a mixture of ferrous and ferric sulphate. A 

cipitate of ferrous and terio pidde is dins formed ; and tit^, 

^ 

* By tke term, radical is qieant any substance wHok by, 
a metal forte a salt, or with hydms^^ forms te 
common salt^ chlorine is the simple radical; ia or 

nitrion is the comtothd radml. 

CN is the compound radical. , > <!' 
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on ad^ingj acid in slight excess, to redissolve 

the of iron, leaves Prussian blue (Fe^, 

iSKCy 4 P'e4Fe3Cyig. 

Hydrocj^iiic acid, mbced w^th a p^cuSar essential oil, is 
ottained . distillation from jJte kernels of the bitter almond, 
and maxiy'^inds of stone fruit, i^ter they liave been crushed 
and mixed. Vilii water,. ' T^e juice of the tapioca j^lant also 
€X>htams il/i^P'ls also pmefnt in the water distilled off the 
Imves of’tJfe TaureVthe peach, and several other shrubs. 

cyanides of the common metals are insoluble in 
water, but ifeadily dissolved by solutions of the cyanide 
of potai^fe^^vjbr of sodium. IT^ie dbuble cyanides thus 
obtairi^fetf are nanierouR, and some of tliern very remarkable. 
The simple cyanides are intensely poisonous, require 
gr^t care in experimenting them, 

3 or 4 decigrams of potassic c}’amde in 
about tmtimes theiir'wdight of water. Add a few drops to a smaH 
quantity ofa ‘solution of argenticnitrate in a test-tube. At first a 
copious whiteopredjiitate of argentic chloride-will be formed- - 
;; . K[‘€y'’ + ' AgNOj' »• AgCy + KNO3, 
and on further additions of the cyanide the precipitate will be 
gradually di, 5 s 0 |y^, AgCy, KC/ beiU^ formed 
Exp. 2io.-uMelt 2 ^ams of potassic cyanide in a small iron 
spoon, and ’sidd a Ihtle litharge till the salt becomes slightly 
yellow, A bead of metallic lead will be formed, and the cyanide 
wig, have become ^onyferted into cyanate— 

% ' • Phq ,:^. KCy - Pb + KCyO. 

Potassic cyanii^'' -to; consequence of this tend'mey to 
absorb oxygen, is c^n used to reduce the metals from their 
oxides as a testin^e laboratory. ^ 

Cya^jiCgen fortns a larg^ hdinber of other important com- 
pounds, but they swe ^rc^erly to be studied among the 
products of oiganic<<^em.i$tty. 

. (42) T&e A fomic the foregoing pages the 

terras atomic molecule have been frequently 
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used. It will be necessary now to 
what these expressions mean. ' 

Chemists assume tliat qf 

any elementary body^ admits b|:^|S!|^^'^divi|j^ vast 

multitude of is a limit beyond 

which this process/pf subdi^^i^^ catoot be carrj^ by any 
known method, whether chemical or tnechanics^ . These 
Ultimate or indivisible psotides aec^ what the 

ahnis of the element No one /has atorn, , 

since such bodies are far more 
fragments visible by the., aid of biir'’ Strongest 
glasses^ The atoms of any particular ekmentifU^ , 

supposed to be exactly e^ilkl to eUch othti, . 

weight; aqd ^hen at the, same temperature, 
luiely simil|^ One to another in all respects/ 
of any mtigle clement difcx from thosq^ of the 
eleUnaits in chemical properties as w^llAas 
further, whenever chemical c<^biiitati0 
tween any two chemical cleme^^; iills 
occurs between their. separate atomis* . 
is far more intimate than tisat by ^ 

hesion wl}ich form^, ' them ii^O splidai,’ than tliat 
mechanical mixture by which' they a3pei:ponvbitedinto masses 
or heaps of powder; and the 4i%reikie'betwe^ combination 
and mechanical mixture is that die atom's,, being iti case 
of true combination held ti^^ther by chemicaPferc^/cannbt 
be separated by mechanfesd means; white such sqpam:tida 
is practicable more or tessjoomplet^ when/ the two, bodies ^ 
ate merely : mixed mechani^lly^ and^tirerefgc^ imperfectly, 
and often more or less irregularfy;!' / . ^ 

These assumptions as to thn.i^fc8^ccon»t^ of matter 
have been made ^viih a view of the quap^toive 

laws which regulate chemM .odmbinationi ' This thebty 
of the finite and definite divisihijity Wtter,{Of divisibilily 
of matter dpwn /to a fixed in fact the only one 
hitherto cooceivieSl by which iP' definite proportion is 
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counted for ; and if Siese siipgoi^pns J<, admitted^ the 
known laws of che^dca^combmadon a 

infsl^ter of necessit^^^^ ' //' ^ 

laws 2^ follow: — . ^ ? 

I* %e Jaw^ proiK>rtions.— vi^cneyeraudi com- 

^be^reen two elements as tp foita any g^ven 
compound, the proportions must be '.since these 

proportions are determined by the relative, weights of the 
aton^isbf. the combining elements, and the atom:'Cann&t be 
aubdividei ' 

2. The law pf multiple proportions. — ^When the same 
pair of elements unite in several different proportions, these 
proportions must vary according to the terms of a simple 
series of mtUiple^ fiaxct atom of one element must 

^Wite with one, with t^, or with three atoms of die other 
element; or in some other ratio almost equally simple, be- 
cause the >tom does not admit of subdivision. 

3. The law of equiv^ent proportions. — Combination must 
also occur in e^uweUent proportions, since the amount of 
each element wliidi is capable of displacing ar^ of the other 
elements o^ust be in the proportion of the weight of the 
atom of . the displacing element, or of a simple multiple of 
that weight, and the atom cannot be subdivided. ' 

j4,'Ti>e law . of molecular >veights.T--In eveiy compound 
body l^e moieeidar wfis&ti or weight of the smallest particle 
of thelOpmpound which can exist, is necessarily that obtained 
by addmg.ti^etherth® weights of all the atoms of the several 
elements whidi have tfbited together to fonn the molecules 
of the Qoif^pound body% since none of, the atoms of. the con- 
stituent, ^ments can ^ subdivided* ^ 

Suppo^ exampie, that ea<|f;. ^tpm of oxygen weigh 
idtim^.asmntih;f«^*^ semwate aeam of hydrogen; that 
tire atom of chlor^ weighs 35:5 ^ mudi, the atom 

of ptrogen 14 timi^ as mudi, the a^m/^broihine Bo times 
as xoS times as miachr.^ tiie 

atom of mcrc]t%^00 times as much ; exactly as is' repre- 





in cttlwna *Atd{^Wi^ts* in the tahte 
at {(h^ '■I \ * 

It foBowa lk«t 1 |il|M»a and hy&i^ unite to 

hjdrochloitie iieid,if one eae^ 4 lM|^nniK^*f 

the foimabaA -of ead> m$l0p0^ { 

hvdmeKtotw; «I4 unllfft sMee 88 ^ult<[|*i^ 
every 36*5 ]|^ 
tons, z part iydltii^en and 35 *$ funh W'<£toiai&e. 


InliLe aptoner, if each of t^Hidtecuiec Afi lujCRU^Ht! bro- • 
nude be foteaed ^ the union o| t atoin e^jfiver ^fh i of 
bromine 188 parts b)rire^^' W this bromide 

will atatomify tnneist of ze^ paefk of j^er and 80 of 
bromine, ' ' 


Again, if eacfitnolectde of water eaneifl of » ofa 
hydrogen and tieiiian Of ozg^gOh }i nWiiRt baf^ 

18 parts by woiig^t of water wdl al#a|^ ObnCtt a {(dm by 
wtigluofhydixoienaaflidpairtsbyweiglttofojiiii^ « 
Suppc^ n«Kf>tMt (Hientio bromidi^i^e«ec 4 tn #yteam 
of clilorine gaa , ibe bttmnne mil IfO di^^taOed by the 
chlorine, andlp^ende chloride will bn‘fohi»ap|. W>W if 
each medecuie of argenoc chlondt (AgCSJ^^ IjSfOltned bs*lbe 
union of t otom o( silweir mdi x of tdiktipii, tho Iwowne 
displaced must be ui Ibe jnb|i<Ml 3 on of 80 of %ii|(lift>« 

for every ^s‘S «f «bbw«ne urhich tinite mtbtfce lilltt 

IS to say, 35 3 parteoftMoiiiaeniWeqnisnlentin c g ^^ 
to 80 parts of broitUAth V* , 

It was at one tone supposed i^ihe chemical se!j[n|finia^ 
of the elements aiwuyu the idhi)iSee weighti el 

atoms, so jhat die sNMnA'finj^ i^jOfteA hted^ililatiM 
of that of fhemtcal bat tile two teitn 4 pt^W" 

ideas which are esdti#^ dUstvaet'' Ach|de etwtMdb' 
cen have but one ate#b bitf A*$r hive ttm Vt 

moie diemical equrvtijtet# i m j|n|Uiad% yOercuiy fbt|c» two 
compmuak with cMqiifMi iw ddMnnAAMi odtro8i^‘Vi|tv 
hmite* Xa ostomel eob grams 
with 3S^ ff*aa of eUeinae j whilst in fe i!w«M | iira ndmmdbil 
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Law of yolumof. 

the 200 4 f nterCtiTy are united with 71 grams of <:^rine, 
or twice as nrach \ and this is cxt>iaihed npoh' the siip- 
posidcn that the atoqt meirctu]r is in calotnsi tmised with 
I atom t& chlorine (HgCl), whust in corrosive snhlimate 
it is anitied wjtli 2 atoms (HgCla), Ih^t if wc compare the 
quaiit% pf mo'cury in each compound with the same weight, 
35 'S» ^ chlorine, we find in calomel tlial aoo parts of 
mercury rue equivalent to 35*5 parts chbnne ; whilst in 
corrosive sublimate too parts Of mercury are equivalent to 
the same 35*5 parts of chlorine ; consequently mercuiy his 
two diffemit equivalents in the two compounds. 

Again, in tl»^ five oxides of nitrogen we have an excellent 
example of nmttiple proportion. If a atoms of nitr<»gcn arc 
supposed In oath case to be concerned, we find the turn- 
' position trf each represaited by the following numbers : 
nitrous oxide Contains in every 44 parts 28 jiarte of nitrogen 
and ifi of oxygen, or 2 atoms of nlirogen aril r of oxygen ; 
nitric oxide in every 60 parts contains eS parts of niltogcn 
and 3a of oxygen, or 2 atoms of nitrogen and a of oxygen ; 
nitrons anhydinde in every yfi jrarts contains 41$ of nitrogen 
and 48'of oxygen, or 2 atoms of nitrogen and 3 of oxy’gen ; 
nitrogen peroxide in every 9s [>art& contains 28 of nitrogen 
and 64 of oxygen, or 2 atoms of nitrogen otkI 4 5 f oxygen ; 
while nitric anhyrlnde in every 108 parts contains 28 of 
nitrogen and 80 of Oxygen, or z atoms of nitrogen and 5 of 
oxygen ; the series being represented as NiO, N»Oj, N,Oa, 
Na04, and NiOs* 

It has beJ^B ascertained" that ccjual measures or volumes 
of every gas arid every vapour taken at ^ sufficieni distance 
from its boiling, pninf, no matter whethW simple or com- 
pound, expafid lor an equal rise of tempcmiure, if 

both fjfecDWpjted under equal premures, and at the same 
temiietatunss. It'ts also true that all gases and vapours 
expand OV Conniict eiiualiy when equal volumes of the 
difSsrent gases submitted at the same temperatuics, to 
an equal dimintttion pr increase of pressure. Hence U 



195 


Atomic Weights, 

appears to be a ttccesttSKy con<:luMon that equal volumes of 
all gases contain an eqnal ntimber c^^cnoiecUleB, wbetber 
those moleculiBs be simp^ or cojciiipjgtti^ PiMm, tihe 
molecules of tbe same substmace are all absolute^ idMilat to 
each odier in size, w<jlghc, and chemical piopertuss^ if com- 
pared under sitrular cucumstanoes* 

The term moiemktr volume is used to the space 
occupied bf a mdtocale of the body in the film of gas or 
\ ijjour, romjmred with that of the atom of hydrogen, or the 
volume of hydrogen. Nosr the volu me of t bo ms^ttuk 
of a compound body in the aenform state j % caaotlSy' 
double tlie \oIume of the hydrogen 

Ihe atom is defined to be the smallest and chemically^ 
indivisible piwticle of eacli clement which car exist 
comjiound, united with othei particles, either of the same W 
of diHcrent dements, but winch is not known m a sepfurate 
fomi ; and the tnoluule of an elemstmt is defined tb w ihe 
smallest quantity of that elementary substance supposeil to 
be ('axiable of eiasting ih a separate form. If H, fpt mstaftce, 
T-t piesent the aEbtn of hydrogen, H* will represet^t its 
(ule. Each molecule of chio^jj^e and of S-lh^d 

c Icments when m the gaseous state appear, for reasons to 
be explained immediately, to consist of atoms. "Wb^^ 
a molecule Of liydiogen is made to react chemically upon 
a moHerule <tf chlorine, two molecules of hydrodilouc acid 
are formed, the half molecule of hydrogen exchanging places 
with the half molecule of dilormw— 

fg!g| + Ixwomin* gg| + HI. 

It will de^rabie to develop the^e etttsideiations a ktdo 
more fully. The number adopted for the xtOMfo u’Ci^t df 
any element is based upon a dUreibl cbeitttcal snalj^s bf 
seveial compounds of that element Suiqioae, for exaippl^ 
the atoiuK weight of copper to be the suhj«l3»^^(^^^i^J«^^^ 
and that a quantity of the puie oxide of the had twe 
prepared, and a portion caiefully wei^e^ hn4 healed tn 
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)>ared «>Mh that <4 «fi «o#l 
molectdar wftigbts lie at « 
SoQi* of vjfwiipt^ 

been alraxj^. J |fl I 

fc^kmiag i ^ *■<* 





> + 4 

Now if the molecnite of iiy<!rogBi)i waigh 
weigitt of indrogen v-hich is oontalaod j|l4M'^t«4^>lQhMe 
of vapour of any of the tompottodii Jrf }!^ptS)*04ii1ibi wiplM* 
and K may be added m any ot^ent iftHt Kit h^owOt % itlj$ 
that amount, or t lidoce chemi«t<,|AV0 lOOiii^l^ 
dus qttanMy of hydre^ os the qm 

combuutpon, or, aq«or^|i|tihit iKpKptifeitt 
began, tltatit is i« ^ aMWxdif li^ogen. 

Now hydrogen has tod IjdlAroiiil^S^ coy 

eksnent ^nown, so th^ <t }m i^n foriadl iy >yf | MMt to 
talw thie hydrogen nutwicr 4V a. or the unit of w|!i|WqwX%h.* 
wfaidh the atomic weij^ ol all tM e^nents |*e * 

fSMd, as has been done to ISitt table ffurea at page tpS , so 
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duM: soppo&Iog the weight of the atotn of hydrogen to be 
knowp, ^e atomic w^ht of any other clement wbukl be the 
numbef ,i|rhich represents how many times 0iis atom is 
heavier than the atom of hydrogen. ' 

TTie following table containjS a l^t of such of the elemen- 
tary bodies as have been, converted into vapour in such a 
annnm as to admit of detcimmmg their specitk gravity m 
dtat fonw, tad tim of asoartasning the number of atoms m 
the loole^e, on the supj^osition that equal volumes of every 
gas or vi^ur contain an equal immljcr of moletults ■ 


Elfimeot 


\tUfCUC 

Wtii^huef 

Mort\n, in 

S}iccihc Ounty of Vnpour 


\Vet];;h1s 

Votumca 

i Mtfletult* 



i 


«f Vayuir 


Ob«cr\tii 

i.\ileu! 4 te«l 

Codtnivm 


112 

ss 

1 

394 

r ■ - 

38690 

Tm 


6s 

32 ’S 

I 

^*976 


Merely 


200 

xoo 

I 

6*9101 



1 

I 

a 

00092 

0*0691 

Chlorme 


35 5 


t 

247 

24531 

, liroffimc 


1 ■ 

2 

554 

ut 

j Iodine 4 


' 127 ! 


■■ 


1 Oxy^n, 
Sulfur, 


16 

i(> 


1 1056 

X 1056 


3 * i 

5*2 

mM 

2 23 1 

2216$ 

Selenium 


W 

/d’S 


$68 1 

1; 468* » 

Tellurium 

• 1 

129 

J ^9 


900 1 

s 1)130 

Nitrogen 

Pho&jmqms 

^ 1 

j 

H j 
3 ^ i 

*4 

62 

H 

097x3 

442 

ogf 74 
42S40 

w- 

• 1 

75 

150 

11 

1060 

lo ip 70 


a 


ClLiPTER Xt 
B. THE metals. 

(43) f%e MdaJs let General . — ^There is no absolute dis- 
tinction betwtsen the oon-mciala and the ntetals, but the 
subdivision is {wactioaUy convenient^ and it is usual to con- 
sider a body whid) Ivxs a hl|^ lustre, great opacity, and is a 
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good coinh'ftor cif lu' il and electnuty, as a metal. Rit on 
tlie one lund, graphite, although it has all thesti ptoiierjtins, 
IS not rnokoned attoitgNt the metal's ; and os' lltQ (Khet, 
aisenuiiin and tellurium, though possessing than, are by 
bonie chemists conbitlered as non-mettdfi, 

'1 he metals difilet very ftmdt in eftendoa! jaropetties ; 
some, like potassium and sodium, have dn ihitnse attraction 
for oxygen, whilst otliers, like gold and silver, have but a 
tei'ble attiaction for it As a rule, the %hter haetals ate 
those tv Inch arc most easily oxidised. In the following taWp 
the lightest metals are placed fiist The metafi exhibit .1 
ter)' great variation m density. Three of drem are light 
enough to float in water, and lithiam is Ulster than any 
known liijuul, while plaiinum is the heaviest of all known 
suhsf UK cs. 


SvikUiic CiRsvirtFS A\D Fosino Poivrs op MjRTAfi;. 


Ujlhnini ♦ 
Potissiurn . 
Sod in 11 • 

llubitlnmi , 
( i\ um . 
t. lum 
I (ihu inium* 
I s\^i>nt»um . 
ATnnunwm 

\r<A.p»aim 
I cllurmiu , 
A ntnnotty « 
C luomium 
7 »m ^ « 

'i in • 

Iron , 

M mgftnefte 
C dihntitm « 


w ific * Pws«4f 
kvjltyi PiAm .1 


o 593 \ 


4W 


ij 

i hfolybrlemim 
,j Ni<.kel . 
Copper ♦ 

Siher ♦ 
lAinrl 

Muthemnm 
PnHiulittm • 
Thollnim . 
Kliodnmi , 
jMwtttry 4 
jj Tungskteo , 

I • 

ItUwift , 
D«>innv«» . 
Plattnum . 


P«<mt 


264 

1023 

3«S 


m 

-39 

tm 


I 

\ 


The molting points of the metals iy wtoeijr. in 

the table the melting points of all the ^Dt^i^iWthey 
have been ascertained^ arc givens 'Meftuty is alt all 
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ordinary teiBpei|Jttii!ei8 ; Tp^sima iWB^t beneafli 

the boilfbg point Zimo melt? lieiow, and to]>pM 

above, <laI*pT, goW, «i*t cPPPer I'cquire a very 

bright wlnii^ to ftiW tlifflm. Cast won bjvlto at alx»tit 
x5eo* and ivrou^t iron J»ot low«f Ihait jgoo'’ C. Colwh, 
nifbe4 and wtought iion require the strongest heat of the 
tfO rnult them. Moiybdenum, chronmiro, tungsten, 
ant} palUadlipa <to hot completely melt even at tSl? tempera- 
tiwe i md iWmHBy ttoodffltn, indium, vanadium, ruthenium, 
and osotitm eapbOt be trodteil Imt m the heat of the oxy- 
hydrogen Blowpipe, or that ot the voltau arc. 

apmo fbir of the metals may l>e c<»nvt.iied into vaimur 
readily, and ore ordmarily purified by distillation. Mei- 
cory, arseniewn, teHurium, cadmium, aine, magnesttitn, pot. y. 
Slum, sodium, and tubidium are thus punhed. Meremy 
boils at 3150® 6. Atseniciuni is volatilised below reihiesik 
Cadiifiiim iseqoire? a full ted heat (86o“), at whuh point tt 
boils, ^(J.way be dwtifled j and the boiling point of /im, 
th(»?^l^ hi^ as r«»40*, equally fixed, Potassium, sodium, 
magnesium, afid luhSdium require a still higher tempeiatiiu, 
which has not been measured. 

Many of the Other metals including silver and gold, may 
be volatilised by the intense heat oi the sun’s rays wlun 
brou^t to a fijcuji by a very laige convex Jens 

Smvml of t^e m^nls when rubbed give out a chaia<,ter- 
]?tiq mtoor. as is fhe ca.<ie with non, tin, and <.opi>er. Arse- 
nittim, when volatilised, emits a strong odour of gatlu. 
The taste of mMy of the Moluble salts of the nituls is 
astringent or aend, ^aud of the peculiar kind termed 
metallic. 

The roost usual eolowr exhibited by the metals is a wrhite, 
Of varying shade% It i? neatly pure m silver, platinum, 
cfidmitinS, and magpeiiura; yelltrtritb ia tin ; bluish in tone 
and lead ; grey in ittfa and tuw^iicum ; and is reddish in 
bismulk Cakiuro » imJi? yellow, gold fua yeHow; and 
copper « red. . 



Mctallit AU^s, 101 

Many of ia««a}»0<m tfie or 

Uie pottfer of l)eing flattened undl<K Tbe^ may 

dfO be extended into (ft l>n- 

^veeo steel roM^ » «tn«t|g ih«^ are Silver, platmutti, 
pjdladium, eopper, ironl aluuMB«tti|, fft, lead, rw% «n<i 
thalimia Gold is the most imdleit^ft ^ Ose nieti|^ ^ 
siher and Copper may also hf hainttfe^ ^ 

leaves. iTSe same iheta^ we hlcesnas ^ lj|iey 
admit of being dratm into wire, etftwt 
drawing them through lioles in a hard s&it' a 
draw pi He, the holes through wlith the to 

pass ^mg succesv-ivelj’ slna^ and Smaller. . 

On the othei hand, there are metals so brtlt^ )thit th^ 
may be powdered sidthout diffi<o%'i: atd'fkrsenicu^ 

anumony, and bismuth. These meta!| h^ a ctym)J&ie 
slnumire, and are veiy hard Metals iid)l<;^''havt)f a fibUhnt 
texture, like Im iron, we, on the conthuy, very tpr^ 

tV’hen the metals are combined with each fh« 
resulting sttbstame » called an aSi^ Htoiy of tljlSto, each 
a', brass, Otmaan uhrer, btonse, and tis«!d iargelv 

in the arts, on account ol ad^vantages wllfA they'dSer over 
their constituent metals in increased hBidnetli! abd elasticity, 
a. «dl as increased lusibibty. Brass is a bard, somAphat 
fuMble allcnf, consisting of ishout twcwthjpfe ‘of ooppfor and 
one-jhml of /me. If brass be melted wStfi about a of 
Its weight of nickel, H ftttnkbes German, sihiw. BrcB!m«i^ $a 
alloy of tin and coppee, Wf Whmb tbote a« several varieties t 
with 10 per cent, of tin k fonnifthe tough gan-metal , with 
30 per emt of tin ft futnkhes the upteorous, elastic bell- 
metal j and with 33 per cent of tm the hard, whkst buttle 
metal used for the minrozs pf (hleccopes. 

live while melsi qsed'iti fypes fof ijidatflBg is fai'illiy of 
about j part of alMSmony, « of fin, i|^ s7<?f h»dk 
finable, expands on becomial soilk^ ScvasE h> iU namiid, 

and is hard etiot# to beay^^rmttfe, m <!*** 

paper All die s^oyb melt at a lowitf t 0 ^^Kirakl{fe than 
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the mean of the points of ^ir 

in a small iron ladle ao gi^s'bf lead i 
soon grams of bismuth and id of tin ; they 

,nnd an.alloy wiH be thus obtained known as 
^jtnikts wheti thronm into boiling water, although 
fusible of Us component^ 4o^s not melt below 


will 
fttsWe. 

' tin, the/" 
33^ C 


^ o A cbmbinafion of a withmer^^ amal^($m, 

^tpe amk|gams 4te in4,s xitheijs are brittle 

and' ciystaffine. Altn^sand amal^^ to consist of 

definite cbmpotin^S^f jare often taixed with, or dissolved 
exc^ the pro- 

the t^eiak tifed. ha alloy oan be varied within 

‘iSihJtC; ' • 

Some a-te folmd in ^^]naifve^ or uncom- 

biiied, earth. Among these ifee imrost important 

are and a few tare; iSetals which 

accompiEmy 'ft^nisercury, bismuth, and cbppser. More usually 
the metals ^ occur united with sulphur, wfMm^ they preserve 
Vij^ but not their dUcdlityor tenacity. 

’ r mefciiry, coppetv-'irbny and zinc are often, 


ahvaya, fouh^ in the conditipn of 
— ^surhy for Vihi^Ttce, as tin, iron. 
metwiQtf s oxides, under the 
[3t,.or earthy bpdies*; ;' The inetals of the 
P ai^ generally foupd in the form of 
tcit/fitTbomates, inlic;^#isS .of chlorides, 
hg the ores offt^ie metals, their 
if : of the earth, the formation of 
employed for extracting the 
ii’^ifillbe found in tlie text-book on 

the 'petals : — The tnetals may be 
'l^^’^diffcrent degrees 
for 0^^ and of- the Oxides 

‘■‘Which they form. * 


aspect 0j 
earl 
nal^ 





Ciass^imtioH af ' ’ 2^*^ 

. Croup i: 5 ^$sls of the ATk4iies, ‘vi*i;ii^^!^i^m'?^ 
RaBidium^ 3! F^tassium ; 4. So*fiimj ; an4?|r'^id8is»; wi* 
which it is otilivenicnt €0 atraiij^ the ta.t<is';i^';^u;^iuin, 
although it is not a simplte l»dy.-^1%ese ihifei^jB^'tigmacls, , 
and disidace i atom of hydr«^en fcdta the 

acids, - i^ey are , soft, easily .^sibfe," anii «t l%h 

temperttores. 'Biey' have ao intense attn|jct 5 'iw for bxy|;cn, 
ami become, as sooo;^ ^y fo '^e 

air. They ,.d^fopQaf.^(!^ Jhi^'^jrj.at ■ aJl 
with rapid fotip i sojuble, 

powerfully eausik: alkalme cBmpophd, !»^ch nSay be 

regarded as wa^, ^ whichlialf ^^st hydjTO^n fe replat^ 
metal They but one set w salts the^i^i^enk' , 

ITiou^they finish but a siti^e ch1ori|(ie,:they y^fil sey|^\ 
sulphides, which are soluble. exposed to iBc, 

air their oxid^ absorb carbonic acid greedily, .and form 
soluble c?Brbona,tes. Only two of dieiS^ ‘^t!*i^igtR and 
sodium, are sufficiently abundant to rer^e -^cripdop. 
Ciusium and.- rifoidiura are of quite., recent discft^ry, and 
were found , ift akinute q,na.ntity in tlte water of a mineral 
spring, of which the (^llrie residue was subfoitt^^to ?efxaati- 
nation by the ihe,lhq 4 of .^ectnmi a!ttdya% 
and they have 4 niqe been .found id. .pj^trte 'quanti^ ln the 
a.sh of various plants, and.rt^me' ramefiab, 

Croup 2 ; 3. Metals of tfed A llcafioe i^arths, vik’ t., Ba- 
rium ; 2. StfontiUm ; and Caltm^-^These are dyads ; 
they displacj? two atoms of ,by4r^[C*ijip^ i^i m^foals of the 
acids. When tlirown into yrai^ t^^ decbmppsd ’it w 
avidity, Rnd set hydrogen ix>w^fol|y ^f4fc, 

oxides, which are soluble id^■'w4la^ tiditgb 
sparingly so. The^ oxidejt^abswb. ,i*c^ 

and form carbonates whic^i^ isWaye in ' 

what soluble in. a sol'dti0i^,.i^ dubssoje 
phates are insj^jifcte- in 
. Group 3 

tkal iroiwtance" is i. AJumimurr; ; 3 , 
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Yttriam ; 4 < fittfwiA j 5 . i 6. Xj^tbcnitltn ; iind 7 < 
Di<fy«Biuia, m comsKHTly iacbtded |b fhi$ diviHcm. The 
la«t <3* *Hilowevef, Vi 6 *y lareljr met tti jheir pjo 
, perties only imperfectly 

Alom&am is « ttind ; it but ettfe oxide ; this is 
iaaottlble i» w<‘ifer, luid is but feebly basic ' 

Group it 4Ma|pesiaa vie. 1. Mt^esium ; c 

Zinc V 3, QedAuiim ; 4. lnclHmi.~*'niese metals ate dyads ; 
they fe^ In; a single oxiditi vbuih is insnluble in ivater. 
Th^ dncM^pWe 4temQ at a red lieal) but are mtliout action 
on intttr at Wttaatm temperattu’ea. They form a single 
Mloble tfehnide, and a single nearly insoluble sulphide. 

Group 5; 6 ICetals allied to Iran, viz i Cobalt , 2. 
Nickel j S* liiantom ; 4. Iran; 5. Cbroitiiuin ; and 6 
ganei!»--~'Theae meu^ are remarkable as fornimg two stts 
of conipcmnds,, in one udiidt die metal is dyad, m the 
other mad. 'Sitty f^mlah several o»des : those whi< h con- 
tain least osxy^p ate basic and insoluble; those w)n<-h 
contain most are often sbiuHe, and are then di'.uncily aad. 
Several of these metals ate magnetit ; they arc ovidiaed by 
papm^ steam over them vrhyn ncated to redness, thougii 
they do not deedhyx^ water at ordinary temperatures. 
Group 6 ; 4 Metals aPied to Tin, viz. i. Titanium ; 2 
Tm ; g! ZlrcxMi^; and 4. Thorinuin— -They .irc all tctiad, 
or eqnivtilent; M 4 atoms of hydrogen. Tin is the only 
one of pnictica! mporpmoc : it furnishes two oxides, both 
capnl^of aiDtingM tiates; but the higher oxide is more 
ofeep tulhh 

'Grattli y 1 'a, Mt^aiMl/lloIybdenum andTamiai, which are 
hekad, or eqtuUttieXtt to 6 atkMns of hydmg|;m»s^They yield 
ttiondes, whkh fendUi metallic n64s;'W wn shall not 
(jaiter mtb any duacriftioo of them. ' 

Group 8 : 6 Metals. They piesent hk'dieir comlanatiOns 
an jjtsiiosy with pho^bebfe, viz. 1. Kiobiatu; a. Tantahmi} 
3. Vimadtnm ; 4. Arsetifcmto j 5. AntjUtony ; and 6 Bismuth. 
-.-Tiiey furnish at least two oi^es. W« shall not enter further 
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into a»y 4e8ot%itiqi^ of ttivei of tb(«8e inetal$, bat 

Ute d itttixirtiMO** 

Group 9: 3 vift I. C^tiiper} 0. utul 3. 

Tbiiilium, wtuclii we uot 't«liit9i$ 

Gioiip los f oable vU. *• ftlercury'; «. gilvei ; 

3. Gold , 4, Pbitinum, wiibWtkS) ore a$sO{siautied 5 otheriure 
lueulb, vi^. ijw^PAlLultum, 6. 7, Ry t hmutw^ 8, 

OuMium; and 9. Indium, »hitli«ns ucodlitmtSbt^tiOtkt.-- 
llie first lour meUlf Hiun cue oxadili, but bave so 

blight a (endency to iwlf^ Urklli oxygejP that ondas are 
decomposed by eafMUiUj^ to a heat bdmr vditness All the 
mctalb of Uub group ant cattamaXy fttund ia the nadva state $ 
but increury and silver also occur as sulpiu<k& Tiieir AUrUc^ 
tionb both ior chlbnne and for sulphur are nuch stsobgcr 
than for ox>jpi«u Isach fi?tins mote titan one cbkr^, 
iheir compouadit have a tcudeucji tb .oombme with the 
chlondes of tlm a|ilcali>'metals to lotin doubH salta 

Gnotjp I.— >Mmai 4 op i»» Apshuts. 

1 I'or/ It M 2 bonivM. lUsi^ibn. 4. Casiom. 

s Ri BIDIOM - (AMllwtrwn). 

(45) r<ti wiu\i : Kj Aim. Gf. o'dOs, 

I’usutg /y. 63 5 °. 

This metal was originally obfuaed ^ decomposmg a 
li igraent of caustic pomsk by weans of a powerful vnitmc 
baiteiy, when globules of potassium wexe separated at die 
negative wiie. It is now prepureA by distiilu^ potassiC 
c-irbonate wnced with charcosi, at on intense heat, in non 
buttles, jtad ccmderfswg the gtemt vapours of pWateiutn in 
receivers cOutainmg naphtha, caiboaic oxide beh^ dis- 
engaged during the process— ^ , 

4* aO SB* ,3^ “i* 

This IS a difficult and dangerous opetatiiom Potassium vapour 
takttif fire insuntly in air or on oontart with wati^i ; u 
also absoibs cxubomoispillh 4nd tirfl compound (husftmued, 
ti kept, gradually becomes clanged into a bladt, potyafU% 
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cxpl0^v<? Tq avoid, this diager potassium is 

always immediatdy aftier its preparation, in a small 

iron retort contain^ tiafiitha 

JPotasaiuin fe a MUiant silver-wWte metal, soft enough to 
be spread with a knife.' It tarni^es immediately that it is 
exposjrf.to t 3 ie ak, :«d; decomposes^ Wt^^ evolving hydro- 
gen asooon as it.is ^thtown into the liquid (Exp. 30.) The 
gaistsies fire from the heat produced by the action. It is 
jaecessa^ ,to presefve tlie metal either in vessels closed so 
fis to access of air, dr under some liquid, such as 

naphth^^ Which cCntains no oxygen. It combines imme- 
diately i^th cM<kme; bromine, iodine, and sulphur, if heated 
with^etn;. ,,, \ ' 

Potassidmi furnishes an important basic oxide (K? 0 }, 
potash; bi^j^des this, there are two other oxides (K^O^ and 
^^04), Winch, when thrown into water, ^ive off oxygen, and 
furnish a sojmion of potaslu^ anhydroa-s j/Oia^h is 
difficult,! to dWin 'pure, and is klSom i>Tepared ; but its 
hydrate Is a very important substance, and is known as 
catbde .pomdi, or This, when 

di^olved in water,’ furnishes potash ky. It is prepared by 
m|id4g ^ solution of potassic carbonate witli slaked lime — 

^ ' ^ CaO, ^ 2KHO + CaCOs- 

If solution is poured off from the calcic carbonate ajid 
evitpptahed dbwoin a, silver dislv an intei^eiy caustic solid 
fuses at a red heat, and may be cast 
into- methific ^ the hydrate of potash. 

Iliis* abwfe' moj.sture and cxirbonic acid 

from pA 0 ^fc:p;i 3 tashi tf fused in glass or j)orcelarn 

dishes, ddimc^siiKd diss;6l\^themrv'It-also'atta.cks platiimm 
vessdV%<- very soluble 
both in in iafa^L The solution decomposes the 

fats and oik, and cohWerk them into soluble soaps. Ortli nary 
soft soap as its Ime. Caw^i^ipotash is also 

a vafaiable'a^ieij| the labaratoiy, where It is Used\for the 
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purpose of absorbing acid gases^ as^tbec^Tbdni^ In 
consequence of its powerful at^iaetteft fer acids, It readily 
decomposes the salts of aH mctaisf - fmm oxid^ in- 
soluble in water, and it prtopitates the Qxide df the metrf in 
the form of hydrate, while the radic^'-of the acid forms a 
potassic salt, which remains in solution, j/ audh a salt, fbir 
examj>le, as the cupric sulph^Ue is decotttppsed as MIows : — • 

CUSO4 4- 2KFIO « K2SO4 + Chb/Hia 

Potash is found in all fertile sqils, generally, 
derived from the felspar, which, after 
become mingled with other substances; ^ p;ti£winj| plahte 
require jxUash to aid in fonning their tissues. / The Jd^fine 
salt is dissolved by die rain-water from, the sc^ ifidjsqrfe 
b> tlic roots, and carried by the circulation of the sfap iqio 
ihe plant, wlicre it becomes combined with the yadical, of 
some vegetable acid When the plant is burned the salt 
of the vegetable acid is decomposed,, aijd the/^iotos^uni 
rcm.ains in the ash, chiefly in the form of carh^n^. The 
more soluble portions of tliis ash are ; washed oui' by the 
action of water, which when evaporated leaves the potassic 
carbonate, or potash, of commerce, wliich is imported largely 
from North America and Russia, Pmrlash is the flrst/pro- 
dnee, refined by a second solution in i ^ery small quantity of 
watgr, and evaporation to dryness, ^ ' 

Potassic chloride has also been fOuiid native, in coiisidier- 
able amount, in the salt beds- of Stassfuijlh, 'neai^H^ 
and it is present in sea water wquarttitv tO yonder 

this a veiy important source of suppl^f^ ^ V V a 
Potassium forms hve sulphidi^ rlUL^Si^ ^*^^ ,,811*84, 
and K2S5. They are all aphible, and have a strot^y ^aline 
reaction. When mixed 'with; an add, >ithey alf sul- 

phuretted hydrogen, aiid also, excejit in.: the’e^ of . K^S, 
deposit s>ulpbur, ' ’ * / 

Fotamc Carhoni($k{KzCO^\%z. very 
if exposed to the air, attracts moisture from k, and 
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becomes liquid. It is strongly alkaline, and restores the blue 
colour of red litmus paper. , 

Exp. 2 1 a* — Burn some dry brushwood ; collect the ash, and 
jy-ash it wifh or Six: times its bulk of water. Filter otT from 
the undissolWd substances. iTest the solution with a piece t>f 
reddened litmus paper, which will at once become blue. Eva- 
porate the solution to dryness in a small porcelain dish. If the 
dry mass be left exposed to the air for a few hours it will become 
moist The pbtnssic carbonate, of which it chiefly consists, 
attracts moisture rapidly apd deliquesces. *To a portion of the 
salt add a few drops of hydrochloric acid : brisk eflFcrvesiCcnce 
occurs. 

213.— Place 30 grams of pearlash in a, half-litre bottle, 
and dissolve it in 250 c. c. of w'atcr. Shake 2a grams of quick 
lime with five or six times its bulk of boiling w'ater, and add the 
pasty mixture (about 120 c. c. in bulk) to the solution of pearl- 
ash. Agitate the mixture, and let it stand till it is clear. Pour 
off a portion of the liquid ; it is a solution of caustic potash. 
Add to it some hydrochloric acid : no effervescence will occur. 
Agitate a tabiespoonful of olive oil m a small phial with 3 or 
4 caustic solution diluted with ten times its bulk 

of water : a .inilk>'*looking liquid will be formed, which is the 
first stage in the tniking of ^oap. ’ 

Potassic My^c Carhvnaie (KHCO 3 ). — If a current of 
carbonic aiciS; gas be tussed tliT-ough a strong solution of 
potassic carbonate, it is quickly absorbed, and crystals a( a 
less soluble salt, often called the bicarbonate^ are formed — 

+ CO^ + H,0 =« 2KHCO3. 

Potassic Nitrate (KNO^).— Another important salt, usually 
called nitre or sattpetrcy^ is found on the aurfac^ of the 
soil in some tropical India, It is also obtained in 

tempemte climates allowing animal mitthsr mixed with 
lime ruboish to decay in heaps, which ai:e oip^istened from 
time to turn?, and from which the nin e is at intervals^ removed 
Iw washing; The mttogen in the animal, refuse becomes 
.slowly omdized into nitric ac}4^' and this combines with the 
lime and potash present .... 
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* 

Nitre has a cooling saline tiiste, and is soluble in about 
3^ times its weight of cold -water. 

Exp, 214.— Dissolve 150 grams of nitre in a quarter of a litre 
of boiling water, and allow it to cool slowly: six-sided prisms 
of nitre will crystallise from the liquid. 

Exp, 215. — Mix a portion of the solution with three or four 
times Its bulk of wafer, and dip some strips of filtering-paper 
into the liquid. When dry the paper, called totich pape}\ will 
smoulder if kindled. 

Exp. 2i(h — Thiow a little nitic mto a clear fire : the embers 
will burn with brilliant sparks. 

Exp. Put a few' dry cnstals of nitre into a test-tube, 

and heat them over a lamp; ifiey will melt to a clear liquid. 
Jleat them more strongly : ilicy will be decomposed, gas wall 
escape, uhich will rekindle a glowing match, and v/hich at first 
consists ol fAire oxygen, potassic nitrite being formed — 
r.kxOj - 2 KNO. + 0*. 

'i'lie [iriu(*i[}al use of nitre depends upon this readiness to 
pai t with oxygen, of tvhich it contains nearly 48 per cent., 
jiiui wliieli enables it to add great intensity to combustion. 

(jLinjiowtler is a mechanical mixture of about 75 parts of 
nitre, 15 of chanoal, and 10 of sulphur ; the quantities of 
the ingredients used being nearly in the proportions ol' 1 
aioin of sulpliur, 2 of nitre, and 3 of cliareoal An excess 
cf sulphur is to be avoided, as it c orrodes the gun. The 
ajjpllcaiion of a spark, or even of a tciij]»eratuic of about 
250^ C.. [H-oduccs an inslantaiietms decomjmsition of the 
mixture, attended with an imtm'nse ];roduction of gas (cliicily 
carbonii anliydride and nitrogen) ata very high temperature, 
so that th\i gases at the moment of firing become expanded 
to at least 1500 times the bulk of the gunpowder. The 
chemical change is sometimes roughly represented as 
follows:-- 

S + 3C 4- 2KNO3 = 3C0a H- N2 -P K.S; 
tliough it is really much more complex. Gunpowder thus 
contains within itself the oxygen necessary to enable it to 
burn in a space excluded from air, or even under water ; the 
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oacjfgm lixniilif «^«r cubonici oj^de or CftrlMttie tuitliydrvie, 
wfaSe nitwgen it set fiee^ end the s\dphixr tenuitti eoinb^ 
widi the potassium. 

(46) e. SoDimi: Na; »$} Gr. 

o‘97i; 97'6®. f 

Sodium much resemhles potassium. Jit is sAMidned fiwu 
its carbonate^ by heating it with dtatood^ hi a skaiiar 
way to that followed with potassium, but H is more easily 
managed. It is made in large quandties as a jniqpaiatOTy 
process in the extraction of aluminum sad magnesium. 
Sodium gives off a colourless vapour, which bums with a 
btight yellow flame. When thiuwn into water it rises tb the 
surface, and disengages hydrogen freely ; but the gas does 
not generally take flie unless the water is heated first, or is 
snndl in quantity. 

Common salt, sodic chloride <NaCl), is the great source 
from which al^ compounds of sodium are obtained. This is 
met >vith in large quantities in sea water, which contains 
more dion a quarter of a pound in a gallon, or about 27 
parts in 1000. It is also found in extensive deixusits in 
Chediire, and still more abundantly in the mines of WieliUka, 
in Poland. Sodium is .also found m Atacama as nitrate, 
and in many rocks and minerals, as, for instance, in soda 
fobqiar or albi% and in cryolite (sNiilf, AIF|^ a fluori^ of 
sodium and ahituinum. 

Sodium forms two oxidq*), NaiO and Na« 0 » The first 
is jhe only one of importance. It is the base from which 
the salts of sodium are derived, but is sddom obtained iit a 
pure state. 

Causff^ SedOf or stsSf hydrate (NaHO), » % white sdhJ, 
very soluble in wateo Caustic s^ is formed on h fotye 
scale in the alkaK wprks^ but it is easily pN^nmil byteeating 
a sohitioift of sodic osrbonate with slaked 1im< fo « tetumer 
similar to that directijii for obtalnit^ caustsil pdhteth it 



. Sodium Soclts. 2tt, 

clo$e} 3 r re^blea , Soda ky, m the solution }|ydwte 
in water, is togdy used manu&cture of b^d 

soaps, ' ‘ * 

or . coibmon sea salt (NaCI), is ofben ob- 
tained from scatter, by avowing it to flow mto verysh^Jow 
po61s--^roonis^Ct^^ for the purpose, and called saltpans, 
saitemswwhete^ the >v:ater ev^omtes, and becomes concen- 
trated in thfe hee2t Of the'sun, l^e sialt crystoilises out in 
cubes, and foiths tlie saU of commerce*^ i mother 
liquor, or bittern, retains ^ts of potassium and magnesium, 
wirich are extr^ted ; and it also^flimishes the principal source 
of bromine. In some inland countries brine springs furnish, 
important souroes of supply of this chloride* Vast beds;6f 
sa/l also occur in several countries, as in Galicia, Canada^' 
Spain, and in several parts of the British Islands, especially 
in Cheshire. It is a common practice where coal is c^dtp to 
allow water to flow down into the bed of salt, and to pump 
up the liquor wlien it has become saturate. ^ The brine is 
then boikd down and ciystallised. Our common table salt 
is obtained in this way. 

Sodic chloride in small quantities is essenrial to life. It 
is soluble in less than three times its weight of water. When 
heated suddenly it decrepitates, and may be melted at a 
bright red heat. Fish and meat are often salted to preserve 
ihett> from putrefaction ; but when so prepared they 
much less nutritious than when fresh, as the salt extracts ^0 
nutritive and flavouring juices, wjucb become saturated v^th 
it and form ^rme^ . Salt is used largi^y as a manure to land. 
It is consumed in immense quantities in the alkali works lor 
preparing other Compounds of sodium ; and it furnish^ 
supply of chipritte.and hydrochloric add- 

vrai formerly known 

Gia^Ps salt ' It crystallises in four-sided prisms, winch , 
cridnble dowa to a white pOwder, and their wd:erwiiax ' 
exposed ^ the am It is vciy soluMe |ar water, but ii^re;|b 
at C riian dtber at a higher or lower temperature., Sa/i 



2 1 2 Carb^gtif^ 

enigk ^’luitDie jf|ivei|to the eulpluite ^en prepared by 
decbn»i«oai|tg eonubon salt in a (broace >«Kth cblphuHc acid, 
at Aihi^b temperature, as a prt^imiiuu^ b the imueufacture 
of soda ash. Immense volumes of hydiocldoric aod gas 
ara then given ofi; and dte$e am condensed by cwstug 
die fiuoes to pass throuf^t large toams lil'led with broken 
coke or stOne, over which a soeam of water is kept con- 
stantly tdcklii^^ A solution of hydrochloric acid is thus 
obtained, vrkOt^ audio sulirhate is left in the fhrnace, 
The decomposititm occurs in vko stages ; b the drst. one 
half oiMy of the salt is decomposed, n)'dric sodic sulphate 
being foitned, and the first half of the hylirochioric acid 
comes off easify. The eximlsion of the last half of the acid 
reqtfires a higher temperature, and i'. driven ofiT by the action 
ot the fusible hydne sodte sulphate on the other half of the 
sodic diloride-^ 

(I) NaQ + 1 I,S 04 » Hd + N.iHSO*; and 

(a) Nad + NaHS 04 - HCl + Na.S 04 , 

Sih/ic Carhnate (NoiCOj, loH/}). — This, salt crystallises 
in laige transparent prisans, which dfimssce tn the air. It 
has a sot^y disagredble taste, and restores the blue coioiu’ 
to reddened litmus paper. It is very soluble in water ; and 
when heated melts in its water of ctystallisadon, which 
amounts to 63 per cent oi the salt Ifhc dried residue melts at 
a'brig^t red heat The dry salt is made in enormous t^uan- 
dties, wkfl sold as t$dehas/i, which is used in dte manufimture 
of tdassi, in sdh|>^m^ing, in (ileansing Cs^boeS, ami for a variety 
itrf Othib important ptitppses. In order to prepare this carbo- 
nate, salt mike is mheed with about its own weight ojchalk 
rather mdre dtan half its weight of coal dust .This materud 
is thtNi thrown in dbUKCS oi about t*% Mtdg. fiptm the floor 
of a t^.^verbebtory furnace (Fig, 6$i)r divided into two 
beds : Oi w more distant bed (s) it is heated, and then 
dttost jon to Ihe bed a^earest the fire (c)t There it melts, 
and gives of jets ol' gfli, fibkh .take lire, and btirn vrith a 
yellow flame. M soon as this escape of gas cease% the 
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mixture is raked out into «it iron trdligik, tihe next citauise 
is pubbed down to the tower bed, and a fmtb dho^ is xo* 
troduoed. The rdiemic^ change which oceu« in dtis fuwon 



consists mainiy : ist, in redi^ng the sochc sulphate to sttl- 
phide, white earboruc oxide is formed and escapes, taking 
tiie, and becoming converted into carbonic anhvdride-^ 
NajSO* 4* 4C *=! Na,S + 4CO. 
and. The sodic sulphide is immediately decomposed by the 
chalk into calcic sulphide and sodic carbonate — 

NajS + CaCOa NaiCO^ f CaS. 

I'his sodic carbonate is always mixed In the pinress with 
quicklime, as it is found necessary to enqiloy chalk m 
excess, and tliis (diatk becomes lime in the high temperature 
of the furnace. A certain quantity of coal is also always 
used in excess, and this likewise remains mixed m the fus^ 
iii^, technically known as bati Wa or Madt a\h. 

'ftis IxUl soda is now broken up, and placeil it) water at 
.about 45** C., which dissolves out the sodic carbonate^ but 
leaves the calcic sulphide un(]issolved. This undissolved 
residue is the soda waste, so troublesome to the manuj^ 
turers. Ibe snlutirm of soda is next evapemUed down, and 
when calcined furnishes the soda-tuh or crude hlkali of 
commerce, which contains from 50 to gd pm centwof caustic 
soda {NsiO), in die fbnh dl carbonate and hydrate. If this 
tioda>ash be dasohred in water, and die liquid allowed to 
cool slowly In a tank, beautihil trimspanent crystals of the 
carbonate {ioda ays/a/t) are gradually fbrmed. 




2 $4 Tests /(>r the Amalies. ^ 

Hydrk Sodic GxSmaU (Na^COa), often cajled bicar- 
bonate, Is obt^ed by saturating a solnti^ of the carbonate 
with' carbonic .acid It is deposited in whjte a^atalHne 
grains, and is the. Substance commonly used for producing 
an effervescing drink with lemon juice* 

^ Tests fer the AtiaS Meta/s m Combiputti&n,— The s^ts of 
potassium are easily distinguished ftom those of sodium, 

il 8 ,- 4 -To a pretty strong solution of the salt in question 
add a solution of tartaric acid, and stir the mixture with a glass 
A rod. If potassium be present, white gritty Crystals of cream of 
tartar (KHC4H4O6) win be deposited, but no such precipitate 
will occur with salts of sodiiun* 

Sodium forms salts all of which are soluble in water, so 
that it does not produce any |>recipitate with ordinar>' test 
solutions. It also gives a yellow colour to a colourless fiamc, 
sudi as that of a spirit lamp or a Bunsen gas Imrner, whereas 
potassium gives a violet^coloured , flame. 

The alkalies are all well distinguished from each other by 
the colour which they give to tlame, especially if the flame 
be examined by means of the spectroscope. Potassium is 
then recognised by a single line in the red and another in 
the violet ; sodium, by a pair of intense lines, so close tliat 
they generally seem but cne, in the yellow; lithium, by a 
single intense crimson Hue, an<l sometimes a faint one in the 
orange if the flame be of a very high temperature ; rubidj;.un, 
by two Knes in the red and two in the blue; and cflesium by 
intense lines in not so far on the Hue as those of 
pibidium^ though in these two last-mentioned Spectra there 
are other lines Of less importance. 

Potassium salts may further be distinguislied from 
sodium by n^eans of platinic chloride, which forms with the 
chloricleiS.^ both metals a double salt ; that With potassium 
(aiCCl, PtCl^) is nearly insoluble, lhat with sodium 
(sNaCl, PtCl*, 4H2O) crystallises in long soluble needles. 

, ^19. — ^Add to tlie s^tion two or three decigrams of po- 

tassium chloride in a small porcelain dish, a few drops of hydro- 



chloric acid, then an excess of aolntion fi^atihic chloride ; 
evaporate to dry-^ness over a saucq>an of boiling water, ^,amngcd 
so as to fonn a \vater 4 >ath, a circular disk, of tin, Urge enough 
to project a little way beyond the edge ^ the saucepan, being 
substituted for its and a cirosto hole a little smaller than 
ilie dish having been made in IbU lid, as sSbown in Fig, 70. 
When cold, the residue to be re» „ 
dissolved in a few drops of water,. To* ^ 

which will. remove the soluble ma- 
terials, and leave the sparingly soluble 
salt of platinum and potassium in 
small octahedra. 

Caesium and rubidium also form 
similar double chlarides with pla- 
tinum chloride, but they are much 
less soluble in hot \vuter than the 
potassium salt, a difference wliich is 
sometimes made use of to separate 
these bases from potassium, 

(47) 3, Atfmmium 
is not a metal, nor is it even knoum 
in a seimrate form ; but it Ts 
generally considered to be the com- 
}:»ound ^uasi metal contained in the salts formed by the 
nclion of the volatile alkali ammonia on the acids : such,, for 
instance, as sal ammoniac, the, compound obtained by 
neutralising hydrochloric agid with ammonia; ammonic 
nitrate, the salt obtained by neutralising nitric acid with 
ammonia; and arnmonic suj^^hate, the salt obtained by 
neutralisirvg oil of vitriol with ammonia, All these salts 
crystalline in die same form as the corresponding salts of 
potassium with the same acids,, and in e^jery case the 
quantity of hydrogen present in the salt formeA^Jftom aju- 
monia is sufficient to convm it into tlie body ammbnihm, 
which seems to act as a compound metal, much in the satEi<^ 
way as cyanogen is found to act like a comj^^'ui^ hakeem 
Tor instance: — 


or 




, 21<5 • Citrh^nt^, of .Ammonia. 

^inin|MjS« Arnmontum G(»crefq3^fm4iQg t» 

.Bah Si^ 3hrtassmmSit 

, Hjfdrochfciyate H<a - (K)CJ. 

Nitrate <H*N)NO, (K)NO, 

Sulphate - (K)^* 

A solution of ammoi^Mwater may, in fact, be regarded 
as ammoninm %drate, &e ftnidogoua jctmipouod to potas- 
sium hydmte — 

HNO4 + (K)HO = (ipNOj 4- H*0, 

Upon this 8uppQsition.it is easy to explain the diverse 
position of a metallic salt and the separation of the oxide, on 
adding to it a solution of amraonia j as, for instance 

Fe,as + 6[{H^N)ii01 - Fe.Oj, 3H.O + d{(n,N)a] 

Fc,a( + 6[CK)H0] - Fe.03, 3H.0 + 6i;(K)CJ3. 

Exp. 220.— -Dissolve a j»ece of sodiom of the siw of a pea, 
in about 2 cub. cm. of pite roercur>’, in a test-tube : the two 
metals unite suddenl)' with dame. When cbld, pour the amalgam 
into a large watch-glass, and cover it with a saturated solution 
of sal ammoniac : the amalgam will gradually swell up and 
become pasty, and will often float when thrown into water. 

This at onetime was held to bean amalgam of ammonium 
[(NH4)3Hg] dissolved in excess ol mercury, but there is little 
doubt that it is simply mexcoiy distended by hydrogen and 
ammonia gases, its bulk having been found to vaiy accord- 
ing to the pressure upon it — 

sNH^Cl -1- NajHg =s sNHj -f H* -f sNaCl -1- Hg. 

It gives off hydrogen and ammonia <m standing^ and ako 
when thrown into water. « 

•One <rf themost remarkable of the salts of angnoniiun is ilie 
ccanmon smellingrsaJt, ot seBquicarbonate,2[(H4N)iO], $COt, 
which is obtained by heating a mixture of chalk, with half 
its wei^t-bf powdered sal ammoniac, and subliming it 
gradually— 

6H4NCI 3CaC0, 

• 3CaCl, - 1 . <{H,N).0]3, CO. +; 2M,N + H.©, 

A large quantity of free aimnonik escapes in the operatibn/ 



and the salt is alwajr^ losing ca^natfc ;^ 
causes its pungent ^fell ; and a wh^e jK)^^^er, the" W 
ate, or hydiic atnm<yhic ^6i 

becoming 2H4NHCO5 ^ ' ' ' ' • ! ' ' 

A solution ofsal ammoniac 

double salt with platinac chloride ^iWch 

crystallises in cubes or octaheHta, Kite tb«?p^ It 

is often used for ascertaining the quantity of an /^tboniiTO 
salt in solution. A still more delicate tc^js that khoann as 
Nessler’s,* which gives a brown stain When Jlj|e isolation 
contains, less than a nhliionih of its weight of a of 
ammonium. 

Group II— Metai-s of the ALKAr,m£ Earths. 

1. BaKIUM. a STRONTIUlt 3. Caic^icm. 

(48) 1* Barium : SymA Ba; Aimu fPjf. 137. 

I'hLs metal is scarcely kiiown in a separate state. When 
combined with oxygen, it forms Baryta (BaO), and a dioxide 
(BaOa), Baryta (BaO) may he obtained by treating baric 
nitrate in a crucible till the sal^ which decrepitates and 
melts, again becomes solid, and finaBy ceases to ^ve off 
oxygen at a bright red heat. The baryta is left as a grey 
porous mass, which absorbs moisture and carbonic acid 
from the air. If mixed mth half its weight of water it slakes, 
fornfing a hydrate, M^hilst great heat is given out This 
hydrate is largely soluble in boiling watdr, and the.^lution 
deposits a crystallbe hydrate yf baryta as it cools. 'The 
Ikyiicl is strongly alkaline, uikI becomes ihilky by the ^tion 
of carbomc acid. 

The diaxide (BslO^ may be formed by pasrfng oxygen 

* Nesslei's test for ammonia » prepred thu^s of 

mcrcnric chhrkle a aoktioii of potas^ic t|ie red prcdjiitaie 

ilfst formed is nearly ail dissolved. . Then ack a 
potash*, let the mlxtans stand in a ,8toppcr«d bonk ^fer 
days, and decant when clear. It gives n brown prc«pj.«i^flf wheiijadand 
to a solution containing a s^lt.of ammomum. This c<kidsls df If 



21 8 Saits of Barium^ 

over anhydrous batyiA at a low red heat ; but if the heat be 
raised to full redhess, lihe second atom of oxygen is ffven off 
again^ and baryta fe reproduced If thi«:oxide be dissolved 
at a lt5W tcmperatotc in hydrochloric add, baric chloride is 
formed, and the retnarltable^^bbdy H^Oa, hydrogen peroxide, 
is formed, in the liquid-^ 

BaO, H- 2l*Cl « BaCU -f H^O,. 

The most abundant compounds of baryta are the sulphate 
and the carbonate. 

TAe sulphate (BaS04) is a very heavy mineral, sp. gr. 4*6, 
the name baryta having Hcen given to the earth in allusion 
to its weight, from ‘heavy.’ It is fouhd crystallised 

in right rhombic prisms. It is insoluble in water and in 
solutions of die acids. It is easily obtained artificially by 
mixing a solution of a sulphate with one of baric chloride, 
or any soluble barium salt This sulpliate, although in- 
soluble, furnishes a sulphide soluble in dilute adds if it be 
heated with carlK)n. 

Exp, 221, — Grind about 10 grams of the sulphate to a very 
fine powder ; mix it with an equal weight of flour, and make it 
into a paste with oil; place this mixture in a crucible, with a 
little charcoal; lute on the cotcr of the crucible with fireclay, 
and when the lid is dry rai»e the crucible gradually to an intense 
heat in a furnace, keeping it up for about an hour : then allow 
it to cooL i 

In this process the sulphate becomes reduced to sulphide, 
while carbonic oxide escapes-* 

BaS04 4 * 4C BaS 4 4CO. 

Exp, 222.— Treat the residue, when cold, with a large quantity 
of boiling abater. Evciy^thing should dissolve except the excess 
of carbciiw 

The sulphide thus obtained, if treated with hydrochloric 
add, IS dissolved, baric chloride is formed, and sulphuretted 
hydrogen escapes-?- 

BaS 4 aHCI « 


BaCl* 4 



CoiHpounds of Cakium. 2fg 

This chloride is one of the salts indbt -often used for pre- 
cipitating sulphuric add from the sulphates. JSanc Car- 
bonaii (BaC03) forms the mineral called Witherite^ found 
occasionally in the lead the north of England. It 

is insoluble in 'v»?aterj effervescence in dilute 

acids; and is easily obtained of a white powder 

by mixing a solution of sodic cailiH^nate with one baric 
chloride or nitmte. , ^ 

Tl>is carbonate, and all the soluble barium salts, are 
strongly poisonous, the best antidote being Epsoiri salts. 

Tests for Barium Salts . — The best test for tlie barium 
.salts in solution is tlie formation of a white precipitate, in- 
soluble in nitric acid, on ad<ling a solution of calcic sulphate. 
7 'hey communicate a green tinge to flame, and form, with 
a solution of sodic hyposulphite, a white sparingly soluble 
hyposulphite. This last test is useful as a means of dis- 
tinguishing them from strontium salts, which, however, give 
a criinspn colour to flame. 

5. Strontium : Symb. Sr ; Atomic Wl 87*5 ; Sp. Gn 

2 * 54 . 

lliis metal occurs chiefly combined as sulphate and 
carbonate in forms resembling the same compounds of 
barium, for which it yms long mistaken ; but its compounds 
are much less abundant Its salts are not poisonous. The 
nitAte is used to g^ye a red fire in the manufacture of 
fireworks. Strontic sulphate is rather more soluble than 
baric sulphate. * 

•(49) 3* Calcjum; Symb. Ca; Atomic Wt. 40; Sp. Gr. 

1578; 

This is a malleable metal of a very pale yellow colour^ 
It is seldom prepared, but may be procured by dtoamposing 
its fused chloride by Ae voltaic battery. Cakium tamisbcs 
(juickly when exposed to Ae air. It forms but a single 
oxide (CaO), the very important isubstance knowm as lime, 
which is extremely abundant, both a$ carbonate and as 



220 , Limestone. 

sfulpWe; the challc '"»o4 'lin^stone as well as the 
different fo^s of all, consist of -i^onate more or 

less pure, Compou^ of calcium also foiind in all 
fertile soils* and they occur in a kr^ number of crystalUsed 
minerals, amongst which fluoride, is one of 

the most important ,, " 

^ Colcic Oxide.--- Lime (CaO)V’ Wt 56.— This is 
obtain^ by heating the pure wboi^ate ior some time to 
bright redness, carbonic anhydride being expelled — 

CaCOi « CaO -f CO** 

Exp. 223. — Place a few lumps of black marble in the open 
fire, or in an open crucible, with a hole at the bottom, and heat 
it strongly for an hour or two> When it i$ completely con- 
verted into quicklime, the lumps, when broken across, will be 
quite white. 

Common lime is made by heating limestone for some 
days in a large egg-shaped or conical kiln, in which a fire is 
kindled at the bottom. 

Freshly burnt lime is called quicklime. It is a white in- 
fusible substance, and if left exposed to the air it sw^ells up 
gradually and falls to powder. If whaler be poured upon it 
great beat is given out, tue earth swells up and combines 
with part of the water, and fe said to become slaked. In 
this process a definite ludrate (CaO, HiO) is formed : it is 
a light dry powder, from which the water may be dr!.'en 
out at a red lieat 

Lime is sparingly soluble in waiter; the solution forms 
limewaier, which is alkaline; and is often used as a test for 
die presence of carbonic acid, by which it is itnmediatdy 
rendered turbid. 

,, Milk of litne is merely slaked lime diffused through water. 

The great consumption of lime is in mortars and cements. 
Common mortar is made by mixing ijpart of IJrac into a 
thin'paste with watcar, and adding 3 or 4 parts of sharp sand. 
It liardens slowly in the air, and grad^By absorbs carbonic^ 
acid. 
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Limestones originally #^sncd in the form of 

mud from wat^^,.a^ vary in cdmp^p^n^ sometimes behag 
m^ed with clay; sometimes with ,c^ with other 
materials which alter their g^>e^ties' when, burned Com- 
mon monar is gra4iu|]^. ;l^^ away by the action of 
watery but when th^ chy in moderate 

(luantity it furnishes*: aSi^.!&^mg*«a cement^w hardens - 

under water. Such Ho^ is called hydrauUc^ lime. It riakcs 
much more slowly than pure lime. 

Lime is moreover largely i^d as a manure, being especially 
useful ja reclaiming peat or^bog land, where it decomposes 
the excifskof vegetable matter and renders the soil more 
open, while the lime becomes a carbonate. 

Lime is used also in many chemical processes, as in con- 
verting the carbonate of potassium and sodium into caustic 
alkalies. It is used by the tanner to lofbsen the hair on 
hides by dissolving the outer surface of the skin, and it is 
emplo>'«d to remove impurities from coal gas. 

Cakic Chhyide (CaCU) is made by dissolving limestone or 
chalk in diluted hydrochloric add, and evaporating tlie 
solution, Ittiuiy be obtained in deliquescent crystals with 
6H2O ; but When strongly heated it loses 4HaO, and leaves 
a porous mass still retaining aH20, which absorbs moisture 
greedily, and is often used for drying gases, which are allow^ed 
to j^ass slowly over it. 

Cakic Stilplmk, ^gypsmi (CaSO^, aHjO), is an abundatit 
and imponant mineraL Wlten heated to about 500°' it loses 
its water, and crumbles down t8 a white powder, which is ex^ 
tensiveljfr used for finishing the interior of housfcs, under Ibe 
name of plasier of Paris* , If the dry powder be maeffe into 
a thin paste with* water, ihe mixture becomes solid in a fym 
minutes, owing to the jmcombination of the water with -the 
sulphate, and expati^s slig^Jy, eventually becoming ias ted 
as the original Jf gypsum has been heated 

to redness it loses its gcaosity, and nO longer ‘s^ V with 
waiei, ^ 'v 



222 C^cic Carbonates. 

i. ' . 

224.-^Sdect a tncdal stiil^ible for the purpose *, paste a 
shallow dm of paper round it, so aa to make it like the lid of a 
pill-box, and anoint the surface of the medal very lightly with oil 
Mix a little of Uie dry plaster with water till it becomes of the 
consistence of thin cream ; apj^y it careltUy with a hair pencil to 
every part of the surface, so as to exdude air bubbles ; then pour 
a thicker mixture into the mould Allow it to remain for an 
hour. The cast may then be removed ; it w'ill be a reversed 
copy of the medal. 

Gjrpsiun in certain cases forms a valuable manure Calcic 
sulphate is a common impurity in spring waters. 

Ca/ar Carbonate (CaCO^: Atomic JJ 7 . loo). — besides its 
occurrence in marble and in Iceland spar^ which cr>'stallises 
in rhombohedra, this carbonate is found in crystals of a 
dlHcrent system, the prismatic, forming the mineral arago- 
nite, It forms the different varieties of limestone, chalk, 
oolite, and calcareous marl, and is the principal constituent 
of corals, of the shells of fish, and of egg-shells, besides enter- 
ing into the composition of the bones of animals in greater 
or less amount It also forms a combination with magnesic 
carbonate, which is known as dolomite or magnesian lime- 
stone, which is very abundant in certain geological deposits. 
Many of tliese compact limestone rock.s are highly prized 
for building. Portland stone is an oolite ; that is, it is formed 
of little rounded grains, which resemble the hard roc of a |sh 
in aspect 

Calcic carbonate is scarcely soluble in pure water, but 
is freely dissolved by water con lining carbonic acid, and is 
deposited again in crystals as the gas escapes. Enormoivs 
masses of the ciy'stallised carbonate are thus formed in the 
lapse of ages. In the limestone hills of Derbyshire and 
bdierplaceis. caverns occur where this process is always going 
on ; water charged with carbonic acid and calcic carbonate 
makes its way through the roof of the cawem, w^here, as the 
carbonic acid gradually escapes, the carbonate is deposited 
in hanging columns, like icicles, termed stalactites^ whilst the 
water falling upon the floor deposits a fresh portion of the 
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dissolved carbonate, which slowly grows upwards till the 
sialagniiie so fonned meets the stalactite depending fmm the 
roof, and tlius a natural pillar of crystallised calcic caibonate 
is formed. 

In volcanic districts, where the springs are often highly 
charged with carbonic this deposition is often veiy 
rajjid; the spring, as it escapes, deposits a porous inateri^ 
termed /ufa, while upon sides of the stream m. more compact 
substance, known as iraveriine^ whicli is a sort of marble 
highly prized for building pur|)Oses, is formed. 

Tests for Calcium Salts. — Solutions of tliese salts give no 
ljreci]ntate will) ammonia, or with amnionic sulphide, but 
they give a white one of calcic carbonate with sodic or po- 
tiissic carbonate, as do also the salts of barium, and of stron- 
tium ; from these they may be distinguished by means of a 
solution of calcic sulphaie^ with which calcium salts give no 
precipitate. Ammmia oxalate gives, in neutral or alkaline 
solutions of calcium salts, a white precipitate of calcic 
oxalate, soluble in nitric or hydrochloric acid, but not in 
acetic acid. They give a greenish yellow tinge to flame. 


CHAPTER XII. 

Group III. — Metals of the Earths. 

(50) I. Alumi^’UM ; Symh. K); Atomic Wt. 27; Sp, Gr, 
2*^7. • 

This metal derives its name from alum, of whicli material 
it constitutes between 5 and 6 per cent. Its compounds* 
are among the most abundant constituents of die rocks, 
including felspar, hornblende, and slate. Aluminum may be 
obtained from cryolite (sNaF, AIF3) by fusing it with sodium ; 
but the method usually practised consists in decomposing 
sodic aluniinic chloride (NaCl, AICI3) by heating it with 
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sodium ; aa intense adtion oceurs, and the alTOinum is ob* 
tained in a melted «tate'undcr-the fusedlsodic chloride— 
NaCl/Udli,' 4 ^:’; 3 Na. 4NaCI + Al 

Alilnainum a triritc malleable metal, resembling zinc in 
colour and ji&rdness. It 'io%d into foil, and drawn 

into wire, sthic^, it j^hres a clear musical sound. It 

melts at a temperature telow that needed for the fusion 
of silver. It preserves its brightness in tlie air, and is but 
slowly oxidized at a red heat. Nitric acid attacks it with 
diffiailty,*but it is rapidly dissolved by hydrochloric acid, 
and by solutions of the alkalies, hydrogen being given off. 
This metal, with about 90 j)er cent of copper, forms a golden 
yellow alloy, called almninum bronze^ well fitted for castings. 

Alumina (A]zO^). — ^I'here is only one oxide of this metal, 
the earth alumina, which, when crystallised, constitutes the 
Oriental ruby, the sai)phire, and corundu^, Emery is an- 
odier form, of less purity. All tJiese minerals are very hard ; 
their colour is due to small quantities of the oxides of cltro- 
miuni, iron, or manganese. Alumina, combined with silica, 
forms the different varieties of clay, and is the basis of porce- 
lain and earthenware. I'he soluble salts of alumina are 
of value to the calico printer. Hydrated alumina combines 
intimately with many vegetable colours, and forms with them 
pigments, called lakes. 

Exp. 225.- -Grind some madder root into a coarse powder, 
and poiir h litre of boiling water upon three or four gr«.r>s 
it. Stir it up occasionally ; then* Ici it settle f6r three or four 
hours ; pofur off the red liquor. Mix it with a sedution of 4 grams 
of alum, and Jidda solution of 4 grams of sodic CArboratc. Let 
tlie solution rest in a tall glass jar ; a red deposit or lake, con- 
of the colouring matter combined, with the alumina, will 
be produced^ . „ 

If a pattern be stamped <?n calico with a solution of alum, 
and be then boiled with a solution of madder, the figures wip 
be peimanie^tly dyed, while the colour may be easily washed 
out of the remainder of the cloth. In this case the alumina 
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* 

in the alum fixes itself upon the cloth, and acts as a mordant^ 
which ‘ bites in ' the colour, or attaches it to itself and thus 
renders the dye fast. jOther oxides, such as those of iron, 
chromium, and tin, are used for the same purpose, but 4hey 
change the colour of the dye stufi' at the same time that they 
fix it upon the calico. All metallic oxides used for such a 
purpose are termed mordants by the dyer. 

Alumina may be precipitated from its salts by a solution 
of potash, but an excess of potash redissolves the precipitate. * 
Ammonia also precipitates the alumina as a bulky jelly-like 
hydrate, but does not redissolve it. 

This hydrate is freely soluble in diluted acids, but the solu- 
tion has the property of reddening litmus ; so that, while the 
hydrate acts the part of a feeble acid towards potash and soda, 
which dissolve it, it also acts the part of a base towards acids, 
lliough it is but a w^eak base, compared with either potash 
or soda, or bases A^ich contain, like them, i atom of oxygen 
with 2 atpms of a monad, or, like calcium, i atom of a dyad ’ 
metal. Alumina resembles ferric and chromic oxides. It 
crystallises when united with acids in the same form as these 
oxides do when acted upon by the same acids, and con- 
sequently it is regarded as a sesquioxide. 

'fhe different basic oxides may be compared together in 
this manner : — 

^ Monoxiurs Sesquioxidbs 

• Dyails 

KgO Oxide CaO Calcic Oxide AlgO, Aluminic Ox;ide 

odic Oxide FeO Ferrou* Oxide FegO,, Ferric Oxide 
Ag,0 Argentic Oxide CrO Chtomouy Oxide i' Cr^O, Chromic Oxid^ 

Alumin^ forms a yellow chloride (AlaCU), whlbh is vola- 
tile below a red heat. It is obtained by mixing alumina 
and powdered charcoal into a paste with oil, heating tha»«»-» 
mixture to redness, and sending a current of dry chlorine 
gas over it ; the chlorine unites with aftminum, and the 
carbon with the oxygen — 

Ala03 4* 3 ^ + 3^^* ~ AI 2 CI 6 + 3 CO. 

The chloride is used m extracting the metal 

Q 



226 


Alums. 


But the most important salt is the sulphate, which is 
obtained by treating day for some days with sulphuric acid, 
at a heat nearly sufficient to make the acid boil. This sul- 
phate (A123S04) is very soluble ; but if mixed with a due pro- 
portion of potassic sulphate, it forms a salt, which crystallises 
in line octaliedra, and is well known as potassium alum 
{KAI2SO4, 12H2O). 

Alum is a double salt, which is made in vast quantities 
for the use of the calico printer. Ammonic sulphate is now 
largely employed instead of the potassic salt It then pro- 
duces ammonium alum (H4N, AI2SO4, 12H2O), which crys- 
tallises quite as readily and in exactly the same form as 
the potassium salt The place of the aluminic sulphate 
may be supplied by ferric sulphate, chromic sulphate, and 
manganic sulphate. In each case a salt is formed, which is 
different in colour from true alum, but like it, and crystallises 
in octahedra, resembling tliose of alum ; so that there are a 
number of alums known, some of which may be represented 
as follows : — 

Amnionium Alum . * fIi4N)Al2S04, 1 211,0 

Potassium Alum . . KAI2SO4, I2H*0 

Iron Alum . . . KFC2SO4, 1211,0 

Manganese Alum . ^ KMn2S04, i2H,0 

Chrome Alum . . . KCr2S04, 1 211,0 

Alum has a sweetish, astringent taste. Its solution reddens 
litmus strongly. When heated it melts, first in Yic-.. water of 
crystallisation, then it froths ^up, forms a tenacious 
and at last becomes a whins, bulky, porous, infusible mass, 
called burnt alum. ^ • 

A good deal of alum is made by roasting alum schist (a 
c- kind of black bituminous clay, which contains a good deal of 
pyrites) for some weeks at a low temperature. The pyrites 
absorbs oxygen, and becomes gradually converted into ferrous 
sulphate, while the second atom of sulphur in the pyrites 
combines with oxygen, and the product unites with alumina, 
forming a mixture of aluminic and ferrous sulphates — 

^ 2FeS2 + 3O3 2FeS 4 * 2SO3; 
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and on adding potassic chloride, alutn crystallises out from 
the mixed sulphate and chloride of iron— 

reS04 + AI23SO4 + 2KCI = FeCU + 2KAI2SO4. 

Silicates of Ahmina — Clays. — Alumina forms a great 
number of silicates. All the varieties of clay consist of 
aluminic silicate, more or less mixed with other matters 
derived from the rocks which, as they have crumbled down, 
have furnished tlie clay. The best fire clay consists of* 
Al2032Si02, aHjtO. It is used in making bricks for lining 
furnaces, and for crucibles and glass pots, as well as for 
other purposes where resistance to a high temperature is 
recjuired. But many kinds of clay contain lime, magnesia, 
or ferric oxide intermixed, and they greatly increase its 
fusibility, and diminish its plasticity, or fitness for kneading 
and moulding while in a moist state, and cause it to be more 
readily attacked by acids, while an excess of silica renders 
it less fusible. The more mixed varieties of clay constitute 
marl and loam. Pure clay forms, before it has been ignited 
and when kneaded with water, a tenacious plastic insoluble 
paste, which, when slowly dried and exposed to a high heat, 
shrinks ^ ery much, often splits, and becomes extremely hard, 
but does not melt in the furnace. Clay is not attacked readily 
by any acid except the hydrofluoric. Strong sulphuric acid, 
wheniftroiigjjf heated with it, gradually decoimposes it > 

Whemjlrfeatlied upon, or slighdy moistened, clay gives out 
a. JISBito odour, and if applied in a dry state to the tongue 
or lips, it adheres to them stronglf', and absorbs the saliva, 

Fflspar is a very abundant and important doulJle silicate 
of aluminum and potassium (K2O, AUO^, 6Si02), often 
called adularia. When it contains sodium it is whijp, and is 
termed albite ; and when it contains lithium, the mineral is 
known as petalite. Felspar is a very abundant constituent 
of the Older rocks. Mixed witli mica and quartz, it forms 
f^anite and gneiss. Porphyry is a compact felspar with 
crystals of felspar dispersed through it. Basalt is a dark- 
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coloured volcanic rock> containing crystals of ampte diffused 
through compact felspar. The porous /umux of volcanoes 
is chiefly felspar altered by high temperature ; and obsidian 
is melted pumice. Mica^ is a more complex silicate of 
alumina, containing a little fluoride. 

Earthenware and China , — ^The basis of these articles is 
silicate of alumina, but to diminish the tendency to crack 
during drying, which it has if used alone, the clay is mixed 
with ground flints, which, however, lessens its tenacity.* 
To make up for this defect, it is usual to add some fusible 
material which, at the temperature required for fusing, be- 
comes softened, and gready aids in binding the particles 
together. The clay thus nta'xed and tempered is moulded, 
while moist, upon the potter’s wheel, after which the dif- 
ferent articles are dried in a warm room, and are then fired 
at a comparatively moderate heat: they are thus obtained in 
a porous state, called biscuit The patterns or designs are 
next applied, the colouring matter consisting usually of some 
metallic oxide ground up into a paste with turpentine or 
linseed oil Blue is generally given by cobalt oxide, green by 
chromic oxide, brown by a mixture of the oxides of iron and 
manganese, black by uranium oxide, and so on. The ware, 
when painted, is much too porous for use ; it is therefore 
glazed by dipping each article into water containing a fusible 
mixture, finely ground, in suspension. The c>^-:>rou/mass 
quickly absorbs moisture, leaving a thin unifbrE&;,!l^yer_of 
glaze upon the surface. Tfte goods are then encloseoin 
fireclay vessels, and exposed to a furnace heat. The p:laze 
melts, and leaves a smooth surface, so that the»matenal is 
no longer porous and absorbent. 

StonoRvare is glazed differently. The pots are raised to a 
strong red heat in die furnace, and a quantity of damp salt 
is thrown in. The material is rapidly volatilised. Tlie salt 
is decomposed by the silica and ferric oxide of the clay in 

* In making cnicil^les and firebricks, old pots, finefy powdered, are 
generally used instead of ground fimts, but for the same purpose. 
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the presence of steam. Ferric chlcwriSe and hydrochloric 
acid pass off with the excess of salt employed, and form the 
dense brownish fumes, which axe seen escaping at intervals 
from the kilns on glazing days, while sodic silicate fuses on 
the surface of the ware, and makes it impervious to water, 
the actions being as follows ; — 

HaO + zNaCl + SiOa - 2HQI + Na» 0 , SiO* ; and 
Fe^Oj + 6NaCl + sSiO*^ « FetO^ + 3(Na*0, SiO^ 

Te^/s for Aluminum Salts . — The solutions have a swee% 
astringent taste. Potash gives a white precipits^e, soluble 
in excess of tlie alkali, Ammonia, a whito precipitate, in- 
soluble in excess of the alkgli. Carbonates of the alkalies, 
a white precipitate, insoluble in excess of the alkaline car- 
bonate. Ammpnic sulphide gives a white precipitate of 
hydrated alumina. 

Exp. 226. — Heat a little alum on a platinum wire, bent into 
a small hook, in the outer dame of a Bunsen ^s>humer. After 
the salt has been touched with a drop of a solution of cobalt 
nitrate, a pale blue compound of alumina and cobalt oxide will 
be formed. It is used as a blowpipe reaction for alumina. 

2. Glucinum is the characteristic ingredient in the beryl 
and emerald. 3. Yttrium and (4) Erbium are both found 
only in a few rare minerals, s* Cerium is met with rather 
more abundantly, accompanied by two other metals, (6) 
Lan^fianum and (7) Eidymium, in a mineral called cerite, 
but noMTO these are of sufficiently frequent occurrence to 
•WlMmther notice here. g ' 


Group IV. — Magnesium Metals. 

1. Magnesium. 2. Zinc. 3. Cadmium. 4. Indium. 

(51) I. Magnesium; Symbol^ 'b/Lg; Atm. Wt. 24-3; 
Sp. Gr. 174. 

This metal is obtained by decomposing its chloride by 
means of sodium. It is purified by distilling it at a bright 
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red heat in a curreni of hydrogen. Magnesium is a malleable, 
ductile metal, of the colour of silver. It takes a high polish, 
which it preserves in a dry air ; but it becomes slowly oxidized 
m a moist atmosphere. At a modierate red heat it melts. 

, — Heat a piece of magnesium wire in dry air or in 

.the flame df a lamp : it takes fire, and becomes oxidized, pro- 
ducing white fumes of magnesia, giving out an intense white light. 

This light is occasionally used for photographic purposes, 
or in lighting up the interior of buildings. 

> Magnesium is dissolved rapidly bylifiluted hydrochloric 
acid, giving off hydrogen ; and it is freely soluble in a solu- 
tion of sal amnabniac. When heateS in chlorine, or in the 
vapour of bromine, iodine,»^r sulphur, it burns brilliantly. 

Magfiesia (MgO). — ^This is the only known oxide of the 
metal It occurs abundantly in combination as dolomite^ or 
magnesic calcic carbonate ; as Epsom salts, or sul]>hate ; 
as chloride in sea water ; aud as silicate in a variety of 
forms, both alone, as in talc and serpentine, and in com- 
bination with the silicates of alumina and other bases, as in 
augife, hornblende^ and asbestos ; .so that it is an important 
and frequent constituent of rocks. Magnesia is a bulky, 
white, tasteless, and nearly insoluble pow»der, obtained by 
strongly heating the carbonate or nitrate of the metal. 

Exp. 228.— -Place a little magnesia on moistened turmeric 
paper : it is sufficiently soluble to render the pai^^. moistened, 
on which it rests, brown, 

Exp. 229. — Place a small quantity of magnesic carbonafferW*a 
crucible r put bn the cover, heat the crucible in the fire for 
an hour. Take it out, and allow it to cool ; caustic magnesia 
will be left. When moistened with water, it will not slake ; but 
if hydrochloric or nitric acid be poured upon the moistened 
%anh, it will dissolve slowly, without effervescence. 

Magnesic Chloride (MgCU) may be obtained by adding 
to a solution of one part of magnesia in hydrocliloric acid 
three times its weight of sal ammoniac, evaporating to diy- 
ness. and heating the mixed salts to redness in a coveretl 
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crucible : the magnesic salt fuses, whill the ammoniacal salt 
goes off in vapour. This chloride is deliquescent ; but if its 
solution be evaporated by itself, a good deal of hydrochloric 
escapes, and magnesia is left' 

Magnesic Sulphate (MgS04, 7H2O), familiarly kiiown as 
Epsom Salts. — This is the most important soluble salt o( the 
metal. It crystallises in four-sided solid prisms, which are 
very soluble, and have a bitter taste. 

Tests for Magnesium Salts 

Evp, 230. — Pour over 25 grams of Epsom salts 50 c. c. of 
boiling water ; the salt dissolves, and part crystallises out as the 
solution cools. To a portion of the cold solution add a solution 
of sodic hydric carbonate no precipitate occurs. Boil this 
mixture, and a white precipitate ^le white magnesic carbonate), 
mixed with magnesic hydrate, is immediately s.narated. 

Exp. 231. — Add to a solution of magnesic sulphate some 
ammonic chloride ; then add a solution of hydric disodic phos- 
phate. Stir the mixture : crystsAsoi ammonic Magnesic phosphate 
arc deposited in crystalline grains (MgH4N, PO 4 , 6 H, 0 ), in- 
soluble in water, containing ammonia in solution, but appreciably 
soluble in pure water. This is a very delicate test for mag- 
nesium salts, but it is readily dissolved by acids. Add a few 
diops of hydrochloric acid to the neutral solution : the precipi- 
tate disappears. 

Exp. 232. — Collect a little of the crystalline precipitate in a 
filter ; dry it over a steam bath. Place a few decigrams of the 
dixsaltjjpm small crucible, cover it, and weigh*the whole ; then 
ten minutes in a Bunsen gas-flame. Water and am- 
monia will be expelled. AUo# the crucible to cool ; then weigh 
it a second time : it will be fialUnd to have lost weight con- 
sitlerably. The salt which is left is magnesic pyrophosphate^ 
2(H4NMgP04) « 2 H,N + HjO + Mg^P^O,. 

Exp. 233. — ^Add to a solution of any magnesic |alt, suchau^ 
the sulphate, a solution of potash i a white precipitate of 
hydrated magnesia is formed. Excess of alkali does not re- 
dissolve it. Umewater produces a similar precipitate. Am* 
monic oxalatCy if mixed with an excess of solution of sal am- 
moniac, gives no precipitate with solutions of magnesium salts. 
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Exp. 234— Place a€ittle of the magnesitim i>alt on a platinum 
wite moistened with a solution of cobalt nitrate. " A pink residue 
will be obtained on beating the wire in the outer part of a 
Bunsen gas-flaine. 

{52) 2. Zinc or Spelter : Symbol^ Zn ; Atom. Wt. 65 ; 
Spm Gr. 7-15 ; Fusing PL 412. 

This well-known metal occurs chiefly in the form of sul- 
phide, constituting blende (ZnS), or in that of carbonate, 
known to mineralogists as calamine (ZnCO$). In order to 
extract the metal the sulphide is roasted, or heated mode- 
rately in a current of air : the sulphur burns off, and leaves 
the oxide. When calamine is roasted, water and carbonic 
anhydride are expelled^ and aincic oxide is also left The 
oxide, in either case, is next mixed with powdered coke, and 
heated. The carbon removes the oxygen as carbonic oxide, 
while the zinc, which is volatile at a full red heat, distils over, 
and may be condensed. 

Zinc is a hard bluish-white metal, which, when a, mass of 
it is broken across, shows a beautiful crystalline fracture. 
At ordinary temperatures it is rather brittle ; but between 
100® and 150® it may be rolled, and wrought with ease, 
though between 200° and 300^^ it again becomes brittle, and 
may be powdered. At 412** it melts, and it boils steadily 
at 1040®, and may be distilled at a bright red heat. 

Exp. 235. — ^Heat a crucible to a bright red heat^and th^ow 
into it a few fragments of zinc. The metal will rnel^f^d give 
off vapours which bum with great brilliancy, depositingSt&to. 
clouds of rincic oxide. ^ 

Zinc soon^rnishes in a moist atmosphere ; the thin film 
of oxide adheres closely to the metal, and protects it from 
further change. Dilute sulphuric and hydrochloric acids 
TGS'solve zinc rapidly, and give off hydrogen. Nitric acid 
also attacks it powerfully, but the acid itself is at the same 
time partly decomposed. 

Zinc is often used as a substitute for lead in roofing ; it is 
lighter and cheaper, but less duralde. It is also used as the 
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active metal in the voltaic battery, aaid. bepmes dissolved 
in proportion as the electricity is liberated. Sheet iron is 
often coated with zinq, to render it less liable to rust; it 
then forms what is galvanised iron. Brass is the most 

important of the alloys of zinc. It contains about two parts 
of copper to one of zbc, but the proportions of the two metals 
may be varied according to the purpose to which the alloy 
is to be applied, German silver is brass whitened by the 
addition of nickel 

Zinc Oxide (ZnO). — Zinc forms but one oxide, which is 
generally obtained in the form of a white flocculent powder, 
by burning Jthe metal in a current of air. When heated, this 
oxide becomes yellow, but on cooling it recovers its white- 
ness. It is easily soluble in the acids. If a solution of 
potash be cautiously added to a solution ot a salt of zinc, 
such as the sulphate, a white gelatinous hydrated oxide is 
precipitated, but it is redissolved by a;ti excess of potash : 
ammonia has a similar effect. 

Zinc Sulphate (ZnS 04 , 7 Hj 50 ) is obtained in the ordinary 
process of preparing hydrogen by dissolving zinc in diluted 
sulphuric acid. It crystallises in white soluble prisms, re- 
sembling those of magnesic sulphate. It produces vomiting 
if swallowed in quantities, such as one or two grams. 

The zinc salts are colourless ; they have an astringent 
me^lic taste. Sulphuretted hydrogen produces no precipi- 
tate inj^ir acidulated solutions ; ^ but if mixed with a 
of ammonic sulphitje, a white gelatinous zinc sul- 
phide is formed. A solution oj sodic carbonate gives, with 
ziac salts, a white precipitate of hydrated basic zinc car^ 
bonate, not soluble in excess of the alkaline carbonate ; but if 
ammonic carbonate be used instead, the precipitate is redjj^-^ 
solved by the addition of the ammonic carbonate in excess. 
Zinc salts yield, with potassic ferrocyanide, a white pre- 
cipitate. 

Before the blowpipe, in the reducing flame, on charcoal, 
the metal is reduced and volatilised, burning into white 
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fumes of the oxide. *If placed on charcoal, and moistened 
with a solution of cobalt nitrate, they give, when heated in 
the oxidating flame, a green infusible residue. 

3. Cadmium : Symd. Cd ; Atom, Wt, 112 , — ^This is a com- 
paratively rare white, soft, easily fusible, volatilisable metal, 
usually found as sulphide, accompanying the ores of zinc in 
small quantity. Being more volatile than zinc, it comes over 
in the first portions which distil over during the reduction. 
It may be separated from zinc by dissolving these portions 
of the metal in sulphuric acid, and transmitting a stream of 
sulphuretted hydrogen gas through the solution ; a yellow 
cadmium sulphide is thus separated. This precipitate may 
be dissolved in hot hydrochloric acid, precipitated from the 
solution by the addition of ammonic carbonate, and reduc- 
ing the carbonate by heating it in an earthen retort with 
powdered charcoal ; the metal distils over at a red heat. It 
takes fire when heated strongly in air, and bums, forming a 
brown oxide. The addition of c.adraium to the more fusible 
metals furnishes alloys of low melting point without destroy- 
ing their toughness and malleability. 

Cadmium furnishes a single oxide (CdO), which is brown 
when anhydrous, and white when hydrated. Ammonia dis- 
solves it easily, but ammonic carbonate does not dissolve it. 
Chloride and iodide of cadmium are used by the photo- 
grapher. They crystallise easily. 

4. Indium is a white soft metal, which has been 

small quantity occasionally^ a.$sociated with zinc. It was 
discovered by its property of furnishing, when heated iij a 
colourless gas-flame, a light which is characterised by two 
strong lines in the indigo portion of the spectnim. 
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CHAPTER XIIL 

Group V*— Metals allied to Irok* ^ 

I. Cobalt. 2. Nickel. 3. Uranium. 4. Iron. 5. Chromium. 

6. Manganese. 

(53) I. Cobalt i Symb, Co ; Attm. Wt 59 ; Sp . Gr. 8*95. 
— ^I'his metal is never used in the arts in the metallic state, 
but it furnishes several compounds which are much valued 
for their beautiful colour. It generally occurs in combina- 
tion with arsenicum, and is almost always found associated 
with nickel. 

Metallic cobalt is obtained with difficulty in a pure state 
by a complicated process, Vor details of which some larger 
works on chemistry should be consulted. It is nearly as 
infusible as irqn, is of a reddish grey colour, hard, ductile, 
and strongly attracted by a magnet 

Cobalt furnishes several oxides ; two are well known — the 
protoxide (CoO), which, when treated with acids, yields the 
common salts of the metal, and the sesquioxide (C02O3). 
These two oxides may be combined with each other in more 
than one proportion. 

The protoxide is soluble in acids, and forms salts which, 
when anhydrous or in concentrated solutions, are of a beauti- 
ful blue colour ; but they become pink in dilution. At a 
p^jfticular stage of dilution they become blue when heated, 
althou|i?l^wh cold the solution is pink. This oxide is 
uakK^fely used for painting 01^ porcelain, to which it imparts a 
rich blue colour. ^ 

• Smalt is a beautiful blue glass coloured with this oxide of 
cobalt * When finely powdered it forms the stone-blue used 
by laundresses to correct the yellow tinge in linen. ^ ^ 

Cobalt Nitrate (C02NO3, 6H2O) is prepared by dissolving 
cobalt oxide in nitric acid. Its solution is sometimes em 
ployed as a test before the blowpipe, A fragment of the 
compound suspected to contain aluminum, magnesium, or 
xinc, is supported on charcoal, and touched with a minute 
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quantity of a solution^of the nitrate : alfiminous compounds 
give a blue residue if heated in the outer flame, those of 
magnesium a pink, and those of zinc a green residue, 

lists for ^ts of Cobalt — Ail the compounds of cobalt 
are easily distinguished before the blowpipe by the intense 
blue colour which th^ impart, even in minute quantity, to 
a bead of borax when fused with it on a loop of platinum 
wire. If the quantity of ''^cobalt be large, the colour is so 
intense that it seems to be black. 

Acid solutions containing cobalt are not precipitated by 
sulphuretted hydrogen, but ammonic sulphide yields a black 
sulphide of cobalt Solution of potash precipitates a rose- 
coloured hydrated oxide, insoluble in excess of the alkali. 
Ammonia and its carbonate also give a rose-coloured pre- 
cipitate, soluble in excess of the alkali, forming a brownish 
solution, which absorbs oxygen from the air, and becomes 
red. It forms one of a large series of ammoniacal com- 
pounds which contain cobalt 

2. Nickel: Symh. Ni; Atom, Wt 59; Sp. Gr, 8*82. — 
This metal has a remarkable analogy with cobalt It occurs 
associated with it in nature, has the same atomic weight, 
and is, like cobalt, powerfully attracted by the magnet Its 
most abundant ore is kupfernickel the arsenide (NiAs), The 
mode of its extraction is described in the book on ‘ Metal- 
lui^y,’ Nickel is a brilliant silver-white, hard, ducfri ' metal, 
nearly as infusi^ as iron. Its most important alloy i8*i6hii» 
man silver, whidi is a kind of, brass whitened by the addition 
of about 20 per cent of nickel. 

There are two oxides of nickel, a protoxide (NiO) and 
, ft sesquioxide (NiiO^) ; the first is the only one of importance. 
It is obtained by heating the nitrate or the carbonate to 
redness. It furnishes an olive-green powder. The hydrated 
oxide is of a delicate apple-green, and may be precipitated 
from its salt's by the addition of a solution of potash, which 
does not redissolve it when added in excess. Acids dissolve 
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It and furnish pale green solutions. Amtncmia predpitates 
the hydrated oxide from these solutions, but, if added in 
excess, redissolves the precipitate, and furnishes a blue liquid. 
Ammonic carbonate precipitates a green carbonate of nickel, 
soluble in excess of the alkaline carbonate. 

3. Uranium ; Symb. U ; Atom. Wt. 120. — ^This metal is 
scarcely known in its pure state? It occurs chiefly in the 
form of the black oxide (2UO, VzOs), which constitutes 
about 80 per cent of the mineral pitchbiende. The metal 
furnishes several oxides. The black oxide just mentioned 
is used as an intense black for painting on porcelain. The 
sesquioxide (U2O3) combines with the alkalies potash and 
ammonia, and forms a yellow compound. It is also soluble 
in acids, such as the nitric and acetic, aiid forms yellow 
salts, the solutions of which give a brown precipitate with 
potassic ferrocyanide, and a yellow precipitate with ammbnia, 
not soluble in excess of the alkali. This oxide is used to 
communicate a peculiar opalescent yellow colour to glass, 
which exhibits the optical property of fluorescence in a re- 
markable degree. 

(54) 4. Iron : Symb. Fe ; Atom. Wt. 56 ; Sp. Gr. 7 '84. 
— This, the most important of the metals, is also very 
abundant. It is found now and then in the metallic state, 
a^ociatgd with nickel, cobalt, and some other elements, in 
thq§5^(mnarkable masses known as meteorites, which fall in 
aiTignited state from the atmosphere frorii^time to time — 
possibly the fragments of Si)me formerly existing planet 
For thes supply of the vast demand for iron the ores chiefly 
wrought are magnetic ironstone,, or loadstone (FeO, FeiOi) ; 
specular iron ore (Fez03), or Ted haematite, which ig ^ 
more abundant form of the same oxide bro^n haematite 
(2Fe203, sHaO), the hydrated sesquioxide ; and spathic iron, 
or ferrous carbonate (FeCOs). last ,is the material 

which, when mingled with clay, furnishes the immense de- 
posits of clay-ironstone which occur in what are called the 
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coal formations of Great Britain. Where this carbonate 
contains bituminous matter instead of clay, it constitutes the 
black-band ironstone of the coal fields on the Clyde. 

In order to obtain iron from the ore, if in the form of clay- 
ironstone, it is broken up into masses about the size of the tw-»o 
fists, and then roasted in heaps to expel water and carbonic 
acid, by which process the ore is left in a porous state, highly 
favourable to its reduction in the blast furnace. These fur- 
naces are usually about fifteen metres high, and in them a 
mixture of ore, coal, and limestone is subjected to intense heat, 
fresh supplies being added at tlie top as the materials sink 
down in the furnace. Powerful blowing machines supply 
air constantly near the bottom, and thus a steady and YQxy 
powerful heat is maintained. The fuel burns, and is converted 
first into carbonic anhydride ; and this becomes changed by 
the excess of carbon into carbonic oxide, which, meeting the 
descending charge, reduces its oxide to metallic iron. The 
reduced metal, mixed with the earthy matter of the ore, sinks 
down into the hotter region ; here the lime, though infusible 
when heated alone, acts as a flux upon the clay of tlie ore : 
the two melt and become converted into an imperfect glass 
or s/ag, while the minutely divided iron combines with a 
portion of carbon of the luel, and forms the comparatively 
fusible material known as cast iron. The slag and melted 
iron sink down to the bottom of the furnace ; the icon, beiiVg 
much heavier, collects beneath the slag, and is run*^< ^at 
intervals of twelve or twenty-foun hours into moulds fomieT 
in the sand of the floor, and, being afterwards separated 
from each other, form figs of iron. The slag which collects 
on the surface of the iron before it is run off flows over 
continually at the opening left for the purpose on a higher 
level. 

Cast iron, or pig iron, is brittle, and cannot be forged, 
though, if run into moulds, it takes impressions even of the 
finest lines* It never contains more than five per cent of 
carbon ; but it is not a pure carbide, for in the intense heyi 
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the carbon of the . fuel reduces^ not caily-the iron oxide, bill 
also portions of silica, alumina, and lime, as well as ]^o$t 
phates and sulphates which are present The cast iro% 
therefore, varies much in its quality, according as it contains 
more or less of carbon, silicon, suIpW, phosphorus, and other 
elements. When melted cast iron is allowed to cool slowly, 
part of the carbon crystallises out, and remains diffused 
through the mass in small flakes of graphite. This variety 
of th0 metal is known as gr^ cast iron. The same i^fon, 
if cooled rapidly, is crystalline in structure, and contains 
the carbon chemically combined, forming what is known as 
w/ute oast iroft. 

In order to purify the pig iron, it is melted in a airrent of 
heated air, so as gradually to burn off the carbon, silicon, 
and other impurities, which are more combustible than the 
iron itself, tlie carbon escaping as carbonic oxide, the silicon 
as silica, and the phosphorus as phosphates. The silica, 
with the phosphates, unite with oxide of iron, and form a 
slag. The metal is thus rendered less and less fusible : it is 
collected by the workman into large balls, which are sub- 
jected while white hot to the blows of a powerful hammer, 
which squeeze out the. melted slag ; and the metal, after 
being passed through grooved rollers, becomes converted 
into malleable iron, or wTought iron. 

l*on, whicn combined with a smaller proportion of carbon 
than ijiionuined in cast iron, furnishes stee/y of which there 
^fp'several varieties. The q^jantity of carbon in good steel 
varies between 07 and t 7 per^cent That which possesses . 
tht greatj^st tenacity has been found to contain® from 1*3 to 
1*5 per cent, of carbon and about o*i of silicon. Fuller 
details of the mode of making cast iron, wrought iron, atj.d - 
steel, will be found in the text book on * Metallulgy.’ 

Steel is more fusible than iron ; it is brittle, and vrhen 
broken across shows a fine granular texture; but its iupst 
characteristic property is that of becoming almost as bard as 
diamond when heated to redness and then suddenly cooled 
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by plunging into water or oil. It is thus rendered extremely 
brittle and almost perfectly elastic. This extreme hardness 
and brittleness may be removed by the process of temperings 
which consists in reheating the hardened steel moderately, 
and then allowing it to cool. The higher the temperature to 
which it is raised in the second heating, the softer is the 
steel. 

Exp, 236. — ^Allow a drop of nitric acid to fall upon a slip of 
polished steel : a dark grey spot is produced, owing lo the solu- 
tion of the metal in the acid, while the carbon is left. If the 
acid be dropped upon a slip of iron a green stain is formed. 

Bar iron generaUy contains about 0*2 per cent, of carbon. 
It is.hard, takes a high polish, is tough and fibrous, with a 
peculiar bluish-grey colour. It has a spec. grav. of 77. 
It requires the most intense heat of a wind furnace to melt 
it. It passes through a soft intermediate condition between 
actual fusion and solidity. This property is of the highest 
practical importance ; and it is owing to this fact that the 
smith is enabled, after sprinkling the surface of two white 
bars with sand, to we/d them together so completely that 
the junction is as tough as any other part. I'he sand acts 
as a flux to tlic layer of oride which forms upon the surface 
of the hot metal. A slag is thus formed upon each bar. By 
the blow of the hammer the film of melted matter is forced 
out, and the two clean surfaces of the metal become 
united. 

Iron is susceptible of mannerism to a greater degree iSan 
♦any other known substance. <At a high temperature it bums 
readily, as is *seen in the vivid sparks tlirown off from it when 
being forged, and the brilliant combustion exhibited by a coil 
- of-watch-spring or of wire, when heated and introduced into 
oxygen gas (Exp. 14). In dry air polished iron remains 
unaltered; but ff exposed to a moist atmosphere, so that 
liquid water be deposited on the metal, it quickly becomes 
rusty, an<l when once a spot of rust is formed the action 
proceeds rapidly. Iron may, Ixowcver, be kept for any 
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length of time undianged in water quite free from air, as 
well as in limewatcr, or in watet^ containing ,a little caustic 
alkali. If steam be piLssed over^^-hot iron, minute ci^\stals 
of the magnetic oxide are formed, did hydrogen is given off 
(Exp. 44, Fig. 13). ^ 

Chlorine, bromipe|.^d iodine combine quickly withjron, 
and dissolve it easily at common teinperatutes,^;fw^ .a^y be 
ea.sily seen by placing a few' drops . of bromine. un(|i^ .^watCT^ 
in a test-tube and allowing 4 quantity.of i^jjon ttfibgs 1% 
fall into the broituiie. The iron will disappear^ with sprang 
evolution of heat diluted sulphuric and hydrodhlorfe: aci<t" 
dissolve the metal with escape of hydrogen (£xp;./4S and! 
]>. 60). The metal is rapidly attacked by with 

abundant escape of nitjic, oxide. Iron be 

kei)t unaltered in nitric aqid/qf.sp. gr. 1*45, or upwards; 
but if the acid be diluted below it dissolves the metal 
with violence. 

Iron yields four definite oxides: 1. The prptojfide (FeO), 
the base of tlic green or ferrous salts 5 2. The' «esquioxid 4 ^ 
the base of the red or fen*ic salts ; 3. The black or mkgfieric/ 
oxide (FeO, Fe^O^), a compound, of the . two preceding 
oxides, whii'.h, wlicii treated with -acids, yields' a mixture of 
ferrous and ferric salts, but no saline compounds 

referable to it in constitution ; and 4. Firric Add\ an 
iin.stil)le metallic acid, the anhydride of which is upknowm, 
but which forms salts, of which potassio ferra|«, is 

^he'representalive. • ; VrV’-'', 

Farrous Oxide (FeO) is scar<iefy known ka a pure stat^'it ’ 
absorbs oxygen so rapidly.,, Itifom white.bydrate : and if 
obtained by adding an allmli, such m to a solution 

of ferrous sulphate, ^th^. W^ite precapitsde bts^jauas gre^feft, 
passing into bluish ^md^fiiially caAricscoloUfed, 

by the ‘orraation of Fmros .Alts,, the 

chloride or sulphate, are obtaitilid by dissolving tlie^etai or 
its sulphide in hydrochloric m: Sulphuric acid, ai^l allowing 
the solution to cr}'staffiseb;otlt of contact with air. These 

’ ' , ' R 
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salts have a delicate bluish-green colour, and an astringent, 
inky taste. If exposed to the air while moist, they become 
grass green, and slowly absorb oxygen. 

Ferric Oxide (Fe303) fe an abundant ore of iron. IMien 
anhydrous and ci3'stallised, it forms specular iron ore. When 
in masses it furnishes haematite. Brown haematite anhydrale 
{ 27 zOi^ 3H3O) is another abundant and 'valuable ore. In 
this form it is readily dissolved by acids. Jewellers' rouge ig 
a finely-powdered red oxide, obtained by igniting the sulphate, 
as in the process for preparing the Nordhausen oil of vitriol. 

When a ferric salt in solution, such as the chloride, is 
mixed with potash or ammonia, a milky reddish-brown 
hydrated ferric oxide is preci])itated. 

Iron combines with sulphur in several proportions. I’he 
Proiosulphide (FeS) may be obtained as follows : — 

Exp, 237. — Heat a bar of iron white hot in the fire, and bring 
it in contact with a roll of sulphur over a pail of cold water. 
The sulphur and iron immediately unite, and form drops of a 
reddish-brown colour, which run down into the water. 

This sulphide is used in llie laboratory for juvj^aring 
sulphuretted hydrogen, which is disengaged without heat, 
by pouring upon it sulphuric acid diluted with 5 or 6 time'> 
its bulk of water. 

The Disulphide (FeSa) is an abundant natural product, it 
forms the yellow brassy-looking mineral known as 
pyrites^ often found crystallised in cubes. 

Exp. 238. — Place a few fragments of pyrites in a small scfilcd 
tube, and heat it to dull redne:.s in a lamp-flame ; sulphur will 
gradually be Sublimed. , 

When heated in the air the sulphur bums off, and furnishes 
sulphurous anhydride, which is largely prepared from it for 
conversion into sulphuric acid. An impure oxide of iron is 
then left Irbif pyrites is not easily dissolved, except by 
nitric acid, or, still better, by a mixture of nitric with hydro- 
chloric acid. Mispickd (FeAsS) is the name given to an 
arsenic sulphide of iron, which furnishes a good deal of the 
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arsenic of commerce. When heated in ,a current of ak^ it is 
converted into ferric oxide, while sulphurous and arsenious 
anhydrides are produced. / T ' 

A solution of a ferrous salt, sucK as the when 

mixed with, ammonic sulphide, yields a blade hydtated 
ferrous sulphide, and in a similar way a solution of a ferric 
salt, such as tlie chloride, yields a hydrated sesquisulphide— 
^ EeS04 + (H,N),S . » (H4N),S04 ^ FeS; and ' 

+ 3[{H4N)J5] - 6H4NCI + Fe^Sj. 

Iloth these sulphides, when exposed to 'the air, become 
converted into hydrated oxide, while the sulphur is separated 
without undergo^ oxidation*^ 

4(FeS, H;iO) -h 3O2 = 2(Fe303, HjO) -f 2S2. 
Ferrous Chloride 4H20) may be obtained by dis- 

solving the metal in hydrochloric acid, and evaporating the 
solution till it crystallises. Ferric Chloride; formerly knowm 
as sesquichloride (Fe2Cl6)i may be obtaiudd $ubiimed in 
anhydroCis brown scales by heating iron wire fo'redness in 
a cunent of dry chlorine gas; it is very deliquescent. A. 
solution of ferric chloride may also be obtained by passing a 
current of chlorine gas through a solution of fciTous chloride 
as long as the gas is absorbed, or it may be procured by dis- 
solving hydrated ferric oxide in hydrociiloric acid.. 

Ferrous Carbonate (FeCO^) is found native in immense 
quail tides. When crystallised, it is known as si>athic irop or^ ; 
when mixed with clay, it forms the clay-ironstone; and 
^h(^ with bituminous matter, furnishes the blackband iron- 
. stone. FeiTOus carbonate is afeo the salt which is found, in 
chSlybeale springs, in which it is held in solutiojV by fi^e 
carbonic acid. Mere exposure to air then causes its Sifepa- 
ration ; tlie add escapes, oxygen is absorbed, bydtated 
ferric oxide, mixed with a small quantity^of^organic matter, 
sub^es, forming the ochiy deposits so common attkuud 
ferruginous 'springs. v’-;‘ 

^ Tests for Iron , — The salts of this metal have an inky and 
astringent taste. ferrous salts are known by the dd^ 
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an important aci<|, ftota which ftm Of dllftotnnHs><‘U 
obtained. < ^ 

The < hroinatfec m 4 prepared oat a large eoale by j&eatuig’ 
chrome ijB>nstone to lednet.*;, (jaeaehing In eoki whter to 
tender it ftieble, thea ns^cn^ it to an extoaoely fine 
]iontder, etid heMlieg to to a jcuitont' of «tr, 

iHito a mtottoeofehalkandpolbiet^e'dhl^ tlVtoixmae 
absorbs otj-gen, and beelines yellow. VlHieQ <io!4 »t is 
treated stub wateiv ^^htcli dtotolvea out the pMtotots. 
Fotawe caibooate Is e^^ded ttoig ns H occaatop^ adir IptOi- 
cipitate of chalk fiom the solvdon of < .d« u- chrMteate.’ nw 
yellow solution is drawn off, raked with nitiieacid, and on 
cv,i}'oraUon potas>ic dutbaoroau crystallises out in lart;e,Ted 
anhydious ]nisras {KzCrOg, CrO,), whilst nitiic add retontos 
in sOlation. 

This dichroraate is the ooraraon eommoipdal stdb ft is a 
Rtdt of exceptional corapodtioni, being a (toraponnd of the 
chroraic anhydride with die inraeral potasttom salt If 
formed in the regnkr way it would he con^osed as fallows . 

KBCrOg, or K,CrO„ IIjCA j 
tm^snch a SttH is not known The diduOntoh^ rf> soluble 
^in aliout ten pikttof cold water. If 4 matettrai of the cl^d 
suurated soihidt^ of tiuw %tlt be mixed niito { uPoil bf 
vitriol, and the iSipiM be allowM to cool, sistoi^io anh^tide 
trysUllises in crimson needles, whlih maybe drained and 
dried upon a bricki 

Beades the dkjironwlto* Acre is a normal «hiOmate*of* 
jiOtisshtm (KjCrdlA Vhkjf'ib }fe%w, and does n4t etystol- 
lito easily ; and there are klito potassic salts known which 
contain two and three atoms aft^omicaidiydridc cumbtoed 
with one atom of th» ts|to*|} sidt 
Baric chromate is a eahary-y efloilr'insolubld powder. 
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is the normal lea^ chromate (?bCr04). ti 
falls ^ ^ .bi!%bt yellow insoluble powder when a soludon 
of le^ acetate or leald nitrate is mixed with one of potassk 
chroihate or dichroniate. Argentic chrpmate (AgiCr04) is 
of a dark red colour, and is tosolnblei Mercatous chromate 
(3Hg3Cr04, Hg^^O), obtained adding mercurous nitrate 
to a solution of, a chromate, is ora%e coloured aiid nearly in- 
solubler "'^he dhromktes of cadmium and bismuth are yellciw. 

If a. S(duble tjhromate, such as potassic chromate, he 
mixed ^th- hydrochloric acid, chromic acid and a Chloride 
of' the tnetal are formed in the solution ; aiid if a little alcohol 
or sugar be added, and the liquid be boiled, it becpmes 
green, owing to the . reduction of the chromic acid to 
chromic oxide, which becomes dissolved in the excess of 
hydrochloric acid, /'If to this green solution ammonia be 
added> in excess, a pale green hydratetl chromic oxide is 
precipitated. This^ serve as a distinctive test for the 
chromates. - ' . 

6. Manganese : Mn , Atomic Weight, 55. — 

This is an element whicli is widely diffused, and enters 
into the foimatiori of many.miaerals in small quantity, but 
its only important and valtiaHe c/re is the black oxide, foun<l 
either in masses Or in mdiated groupi? Of crystals. 

The metal is not ui^ alo»^ hut it is often present in 
small quantity in cast iron. It is diMculc to obtain mai^ganese 
in a state of purity, as it possess a powerful attractioii 
for carbon, so that, if reducsed, iw. it may, be without much 
clifTicaltyj by making the carhpnaite ; into a pastes with bil, 
andheiting it in covere<l rmcible li^ed with charcoal, and 
kticping jt at the highlit heat of a forge, the 

button is/^W combined with carbon. It .also, 

like tmn, <x?mmnes mth silicon. Manganese is a hard, 
toittle, "giijyi&h- white metal, and is feebly, magnetic.- It is 
remarkable for the numljet' of 'oxides which it forms. Man- 
ganous oxide {MriO) is the Imsis of the common salts of the 
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metal; the sesquioxide (MnaOs) is UTum^ortant^ ja^ 
not furnish stable salts. The red oxide be 

regarded as the compound of the t%vo precedfeg 'tssnes ^ 
corresponds to the nwgnetic oxide of iron, and furhfal^s no 
corresponding salts. The bkek oxide or dioxiiie (MnO^) 
is the most important native compound of the metal ; when 
treated with acids, it giv^^ off half its oxygen, and furnishes 
manganous salts — - 

siVCnO^ 4" 2 l'l 2 S 04 ^ • aA'InSO^ ^ 

With hydrochloric acid it yields chlorine and inariganoiis 
chloride — r' 

MnOj + 4HCI =. MnCh Hr 2H2O + Ci*; 

and if heated alone, it yields oxygen and the red oxide, 
giving off one-third of its oxygen— 

3 Mn 02 5= H^ O2. 

When found native, it is called grey manganese ore, or pyro- 
liisiie, • Another variety, in warty masses, is psilomdmte^ and 
~ a hydrated form is called wcul, . It is often found mixed 
with earthy carbonates, and other inipurities. Besides the 
above-mentioned oxides, mangaiwse fornis two others, whicii 
are not known in a separate stafte (MhO^ and Mn207), which, 
when dissolved in \vatery ftpmsh manganicand permanganic 
acids. 'Fhe manganates are, of a green colour. Sodic Man^ 
%lhiai€ (Na2Mi?d4) is'prei>a.red on, a large scale by Jieatmg a 
mixture of caustic soda and' finely-powdej-ed manganese to 
dull redness for several h<Kira in' shallow vessels. Its solu- 
tion forms Condy's green disinfecting liquid. This green 
Substance fumishes an exscellent method off distinguishing 
l^efore the blow-pipe, for if the substance be Iieated on pla- 
tinum foil, with a little* sodic carbonate, it gives a gveeiv 
colour to the moRed mass if atriice <rf maj^anese be 
present. ' - - 

Solutions of the manganates part very readily mtii o?cy^n; . 
tJiey must not even be filtered through' p^'er* -.A 'small 
quantity of a free acid changes them ttbhitipn ffom ^een to 
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jrecl, owing to tUo fiwrmation of a and of a 

npianganous sait-^ 

SlC,?ilnO^ + 4H»S04 • 

2KaMn4C^ ^ MnSO^ + 3K4,4>04 + 4H«<X 

Tofassk {K2MnaO$) tnay obtairwrt on a 

sapoall scale by iwiidftg 40 grams of finely-powdered man- 
ganese dmxide with 35 grams of potassic chlorate, and 
adding a solution of 50 grams of caustic potash to the mix- 
ture, evaporating to dryness, and heating the po\vderc<l 
residue to dull redness In a clay crucible. When cold, the 
mass is treated wdth watmi, md decanted firom the insoluble 
residue ; a splendid j)iirple liquid is obtained, which on 
evai'otation yields ntedlos of the permanganate. A solu- 
tion of this salt is very readily deoxidi^d and depri\ed of 
colour. It furnishes a valuable test liquid m many of 
volumetric analysis. 

£xp. ana-wDissohx^ two or three decifframs of iron wire m 
dUutod sulphuric acid ; then add water tiU the liquid Oicasuies 
about half a litre. Add gi adually a solution of the pennanganate, 
and sfir the mbsture : the colour w ill disappear until the whole of 
the iron has passed from th#» state of fcnoiis into that of feme 
salt. When this point is u'l.hed, the paik colour of tiic pti* 
nmnganate will remain unci .'nged 

The change may be thus represented — 

loIiSO^ t KiMoaOs <f 8H,S04 it 

SFei3«d4 t- KaSO^ + 2Mn$04 + 

Ttsh for Mangaves ^, — Man^^uious chlonde is formed in * 
large quantities m the oidmaiy mode of picparmg chlorine. 
The manganous $?iUs arc of a dcliralt imik colour, ^nd giv'tJ 
neaily colourless solutions. They give with ammonia a 
^wh^te hydrated manganous oxide, soluble in excess of the 
alkali; but the Solution quickly absorbs-siiixygen, and deposits 
a brown hydrated peroxide, AinttKinic sulphide precipi- 
tites a flesb-cgflourcd hydiated maugiuaous sulphide. Solu- 
tion of potassic carbonate precipitates a white manganous 
carbonate. Btfoic the blowpipe they g^ve, with sodic car- 
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bonate on pWauw the chararteristic grecn^colonred 
nianganate; and they give in the oxidising flame, \^ith a 
bend of borax, a violet «so1oiit, which disappears in the re- 
tlucmg flame* 


CHAPTER XIV. 

Grovp VI, — Tin ano Au-ied 

I. llN. 2. ’flUANJlTM, 3 . ZifiCOmUM, 4, TttOKlOTM* 

^56) Tins S}^mi Sn* tVt itS; Sj^. Gr. 7*29; 

Tins familiar metal was known in the early ages of the 
w 01 1(1. It is not found in man) Cornwall and 

Mahcra supplying tlie greatest portion. I'he only ore of tin 
of importance is its dioxide, or ttmfone^ which is often found 
< ? \ stalliseil After the ^ has been mshed, end ropsted to 
^ci nd •of arsenicum and sulpluir, and washed remove 
tlie oxides of iron and oopper whifch are formed Ijrcmi the 
]>N rites by w'hi( 3 h it is accompanied, the methl is reduced 
lieatmg the rcsiclue with powdered ahthracire or char- 
coal. 

'fin u .1 white metal, with a tinge of yeUow, and » high 
histie, which it preserves unchanged in the atmosphe^ It 

itther soft, and very malleable, so that it i» e»ti\y redu< ed 
into sheets of l?ut it is not sitfodkendy tongh to be 
•diav\n r( adily into wnre. It Melts easily (about 228® C.), but 
IS not \oUtilised in the furnace. It hits a considerable 
teftdcncygto crystallise, • 

Ajt/f, 241,— Warm a sheet of tinplate over a latrlp, and then 
])Qur over its surface a miatUie of nitnc and hydrochtodc Acids 
diluted with 8 or lo nuftsof water. In a fow mhiutes oiysstaUiUe 
flakes will appear, toey may be rendcied pormanent by wash- 
ing off tl.c acid, drying the ijlatc, and varuiAittg % ' 

If heated to bright redness to the ato tin burns with a wWtt* 
light, and furnishes the dioxide* 
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Hydrodaloric aci^Ci^ , heated with ti^'^ssolves it slowly, 
wtth t)f hyiJyqgieTti, forming st&^^.cbloride (SnCl*), 
doe df itoipiortant salts* of gr. 1*3 

O3d0diisei! aiiid fpitos a wh&i!y3iifced oxide, known 

''ai-iaietastaj^c,a*ci(J, tot does not forth a nitrate* Tin also 
combes easily with . sul}>hur, j>hosphdl!as, chlorine, and 
bromihe, when toated wnth them. ; 

Tin fdto^ several’ important alloys* Tinplate consists of 
sheet iron wfihSi^bas been cleansed from oadde, ahd coated 
with tin by pHhigtng it into a hath of the melti^ metal 
Pewter is an alloy of 4 pa^s erf tin and i of lead,^ Plumbers' 
solder is a alloy ' of eqtot parts of tin and hMd. 

Britannia metal is composed of eqtial parts of brass, tin, 
antimony, and bisrtiuth 3 it is much used for making coiarnon 
spoons juttd teapots, * . . 

Copper and tin form several valuable alloj^s. Bronze h 
a combination of copi)er, tin, and arinc, with $ or 6 per cent* 
of tin ‘and 3 or 4 of zinc. Gm meted contains 9 or 10 per 
cent of tin, bell metai ^howt 22 per cent, and specu/um metal 
about 33 per cent Tinfoil, when anvalgamated with mer- 
enry, forms the silvering a|3plictl to the backs of mirrors. 

Tin forms two Oxides, suunous oxide (SnO) and stannic 
oxide (SnOa). Ihe St'iffnous Ovicide may be obtained as a 
white hydrate by adding a solution of sOdic carbonate to one 
of stannous chloride ; carbonic aahyrlride escapes, anl the 
hydrated tin Oxide is precipitated, soluble in an excess 
of caustic potash^ tot not in excess ‘of ammonia. *rhfs 
oxide, ^en npioist absorbs oxygen from the air. It is soluble 
in acids, and famishes the stannOU^' salts, of which, l/bw- 
ever, stannous cbloride is the only^Oni®^ Off considerable im- 
portance 

Staniifc oxidCi the dmide* (ShOaXt^^hstitutes the ore of 
tim It i« in this form ^ry hard, and is in^oltible in adds ; 
but when pow^ed fused '^th potak^ or soda, it com- 
bines indi tto soluble in water,, \Vlieu 

combined with water,, this oxide Tiim^ feeble metallic 



Comp'ou»^l>^ .Tip. ' 

*cid, which is ia^ i^iljr solubjfeiilj^diluted at|d^ ’' 
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it fomidhes salts' e#ed' stannates. , 

Sodie Stmi^ 
fusion, as ab^/ilda^ed ; 
tin-prepare liqtiqiii by the calk» 
fixing cerUiin a^ewcs; ‘ 

Another hycfcate xaTi^s, oxide, po^ 
fcrcnt properties, ts'<>hlid9^.by hreattingx 

is 'quite iusq^ii|ilp m o)^ ad<^. ’it'''.4^"f^^^.uDstabl^ 
salts, st^ ' as pqtassic ; metasulttg^ 4 HjO). 

When metastannic add i» to,. redpiMiSi .itlotes all its 

water, and furni^es bu€f-.cpi}oui^;4^>^liitii^, some-, 

times called /a/%/a*wSn ■■ ’ , !’> ' ' ' , 

Tin forms two slfell^ni^ed s^fi^os. 

(SnS) is tlirown‘doVw,iWyt .db6colaie.hrown hyd«^.whert 
stream t^sulphpet^^^^^gen is;ipassedthro«|^ a solution 
of stannous other stamWs salfc,^ ^ U dissolved 

by a solution of in^nio disdlphidd , 

S(mnk S$t^iiid!e j^ioSn) may be-obtaWd ^ a hydrate, of 
a dingy yellow colour, ly transmittiojg ;,^pfem»tted hydrogen 
through a solution of a trtannk; 1(811, aqOMM-^tannic chloride ; 
and it is readily diss^ts6d,|iy.a»haib^ suiidiide, with which 
itfoiTOs a ^uble A simi^ double salt 

be obtamed in j^taty ;i(|Na*S, .wHaO), if sodic 

kulpliidebe’use4aS||li^'^hwn't:'. , 

* Staimic sulph^ mayi he t^tained ^ heautifid 
flakes, fonning jWftRilir pdd, by heating ain ama]$^\jbf tin 
with stdphpt and ^ ammoniac tniit the t^emdori risqulreS' 
care.-', /y, v' , ..... , 

Stimnous CA0i0^{SS^tiPUtO)ipie'iiPsaUt:qf^^. dger,’. 



a strong attrac^m ; 

dieBe&nre acts, as' a 



*S2 ^ TtssfF for Tin. 

or twi> of t, sotutiAii ^ «tftQnou> chloHd«: i white ;preci{dtate ot 
Calcnttelle Atfthe'd - 

, SHgC), + SnO, F aHgCl ♦ SnCl^. 

Hav h4d ^ tin mU in ekdtsi •. the preiripitate heconiie*) dark 
gety. it chnsisti of ntetaliic tnercary, tdtich fMf t>e eulkruvl 
into Saules — 

^ sHgCl + Spa, « aHjf + ;^CiV 
The ealornel loses the whale of its ehlonse. 

Stanhous chloride » -asetl by the dyer lor deoxidising 
indigo and the peroxides of iron and mangin'^se. 

SUdtfitf Chloride ^SaCl,) is a colourless liquid, whii li emits 
dense ftiunes in 1 ^i aw, boiling at 1 1 5® and toniluning wuh 

water greedily» to foim a yrystallfeie hydrate, whi* li is soUihlt 
in a ftirther quantity, bat is decomposed by t opious dihitHm, 
stannic add being prcdpitated, white hydrodiloriracid !«• set 
free. The precipitate is readily redissolved by .in txc i -.s 01 
acul Stannic acid i 4 easilv obtained from thi'. tlilornl-' by 
the cautious adilition of stcwlic carbonate to the solutioi 
This chloride is prepared without diiliculty bs du.liiiint. 

I p«ut of tin filings with 4 parts of corrosne miHuiii'i, 
afigCU-f Sn yielding .SnCl4 + ?Hg. hxposuic to tin ttui't.i 
roust be carefidly n^ided. 

Tetts for Tin . — In addition toroaclirttw mentioned wheii 
speaking of stannous oxide atu' stannous clilonde. the stan- 
nous salts are chararxeriseil by giving jn a dilute sojutioit, if 
mixed with a solution of ainic chlo^jde^ a benatifiil p.uqile 
preupitate, 'tbepun‘ 1 e of Cast ms but if the tin salt be* 
in excess, h Iwowh piecipiuve of leducud gold u. fomicil. 
Before the blowpipe on cbartoal, tin ealts yield a ipalh able 
white bead of ihe roetal 

.Tin i^longsto the group of tetrad tteients, and piusnnts 
a certain anuogy with silicon in its %>de of combm.ition. 
It is still mote cloeety altied to the rate 'bodies Meanunt, si>- 
owrom, and rfierwotehv which, however, are not of sufildvnt 
practical tJnpcMltiiUlce to need tiotic e hem. 

Mefyhlhtim is found as a sulphide resembling blncklead 
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in appearaiKii; ; «Qd in 

ollttd wdfrem. It <iji upiMti^eiafjr tS dc&cti>t ftvttliei! ib« 
compgundfc of Mid tiwj^ten, or thOM: t£ 

btutn, Untatum, and futamlkm : lt» panicuki)i ^9ffta6]i$ 
tht'in the rotidcr »> to Afrteilmde ti!totii «8 on 

Clti.i«rttry. 


« 


CHAPTEk XVi 

I AxstMcuM. d. ANrmosr,^ ^ huHtnei^. *' 

( 57 ) I Arsenicum' t Sym^, As; Mi* 75; 4*. 
f/ (Mrf, 5 95 , efv^ettr, lo-d? P%i4 
rm . AS.;’A^. M igg 
This lughl)' poisonous &tibst»tii.e eshibfnt ohwacNns ittinp'' 
m (Into between thoseof ifae non-^aetals nnd fhe Mcttds. U 
((jtuluets electricity in « modemte degree, and ppMeaMw 
hi metallic brilliMicy ; i»ttt tt much FObenddos pUcMphorus 
111 >tnci il properties, including itsanonalousvapottfoenstty. 
1' i> inuollj iounil iii the iortn of an allo^ with aoti{te other 
ni< 1. 1, especi iljy with iron, eobalt, nicicelt, or ooftp^. Now 
ind then it is found native, and orcMiolt^'in 'the form of 
I iiieullit aiscDiatC; 

In the pioiiauitoB of the metal iMhve aMtinid'e of icon or 
of tolialt IS reast<^ px •heated in a eument of ait. The 
irsenicuin becomeaoiii^iacd, and Ibims MtMiiouaaahydnde 
*|Asd>j)i or white aiwemio, lalitcb IS volatiiiacd Mow a red 
lit at, and becomes condensed ;igain as it ooo};i ^ dm Stiesv 
oi^n rhqpibers constructed to receive it >• 

In otdei to obtam the metal, tots whito oxide ll|wtwdered, 
mived n iih charotwi uid heated m acrudble, toMdi ll^ toP 
of which a second JfiwbT^ed crucible is lutod f and tide is 
screened ftota by pieaniOf a pertorat^ ircm jpi#e. 

Catbomr made is (IttiriAed, ehd etoapi^i, wiiiltt iibe idetid, 
which IS also voiadlb below tedime^ stkaiine^ and Id don- 
dtn&ed m d>e tool itnnelined cimuble* The metai^ hoteiever> 
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is not ijaften is very ppisofioiESi*:!^^^ «i!oinc and 

when and requires great c^e in experiment- 

. Fftagment -of'Whito^aaf^^c, the,«iic of a 

lin's Iwsad ; crush It iq a %e powder^ and mix it 3 or 4 times 
Its bdk of,powdcred'Char^l Ifiitrbduce the mixture, ^to a ghiss 
quUji tube, M <Jnd and B or 10 cm. long. Warm ibe 
in^tdire off the moiature' which the char* 

coal coiita^s* when condensed, may be removed 
from the tube by introducing a small roll of filtcring-paper. 
Then heat the end of the tube containing thte mixture to red* 
ness. A dark stedi-greymetallic mitTor-Iike sttblimatc of reduced 
arscnicum will be condensed on the cool sides of the tube, and 
a distinct garlic 4 ike odour will generally he perceived. 

Arsenicum is very brittle j it has a brilliant dark steel- 
grey lustre, and volatilises before it melts, at a temperature of 
about 180® C.. It gives off a colourless vapour, with an op- 
pressive garKc 4 ife. smell. If heated 5 u air, it combines with 
oxygen, a.iwi beqomes converted into arsenious anhydride, 
which condenses upon somewhat warm surfaces in trans- 
parent brilliant octahedra. ' * , 

a44.-^€ut , off with a triangular^ file the portion of the 
tube containing ^he mirror of arsohlchm obtained in the last 
experiment Crush the glass and put the fragments into another 
sealed quill tube, atid Beat die, br^eii portions gently: the metal 
will be sublmaed^'^'^twdl ccwnhin^^ with die oxygen of the air in 
the tube, on the ept^ side's of whidi, by '^e aid of a pocket lens, 
octahedra of arfienibgs anhydride may be seen condensed. * 

Arsenicaot takes'^ if thrown in powder into chlorine gas, 
and it combines re^iiy with bromine, iodine, and ,f:ulphET, 
if gently heated with, them. Ntoc adki oxidises the metal 
- Hydrochloric acid has bat &tle action, unless a 
IMe nitric sdad or nitre be added. % 

Arsenicum is alloyed in small quantity with, l^d, to facili. 
its taking a gloi^t of shot. 

It is alsip used in c«nbiaidi.on, irith' cofjper^iid' ojq-gen in 
die preparation of tsertairi /||re(m .fiig^ ogtiment, 
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which is'W yellow largely 'Employed, is oive.of the sulphidies of 
the metal ' ; ' C- 

Arsenicum form$: two^comppuncls wilh hx>^en 
AS2O5), , both of when combito^ with water^^ 

acids, ^ f 

Arsenious anhydride, or WMieArsmic (AsiO^^, is obtained" 
usually as an opaque milk-white mass^ often con^hing stpt^ 
portions or layers of dife transparent foTO 'Of 

compound. It is but sparingly soluble‘ cold waieir, but* 
more so in boiling water^ and still motd readily in hydro- 
cliloric acid. Alkaline solutions dissolve it easily; and furnish 
a solution of arsenite of the metal which does not crystallise. 
When heated to about 190^ tile anhydride s^tens, and sub- 
limes before tong. Its vapour is colourless, extremely 
dense (of sp. gr, 13*8), and it contains i;y)bluii]ue'Of .t^ vaipout 
of the metal and 3 of oxygen condensed into if volume, 
being double the density that its composite wrpuld have 
led us ta expect . ‘ , 

Exp. 245.-^Boil i gram of arsenious anhydride With 3 of 
pouissic carbonate in loo c. c. of water till it is and 

add it to a solution of 3 grams of aiprie sulphate in ipo c. c, of 
water: a beautiful green palpitate of Scheel^'s Qrem. (CuHAsOj) 
will be obtained. 

Exp, 246.— Add a few drops of a solution , of arsenCous aiihy- 
dridjj^ to 200 or 300 c.c. of wat^r^ and then 3 or 4^^’ P* 
chloric acid; place in the liquid two of three slips of 
xopper foil, and boil the whole fora few minutes : 
toil will become coated with a steel-grey of the 

copper becomes dissolved, and displaces the ar^fdbin>;Which 
is thrown ^lown on the undlssolvcd portion. Pbur^ tWjpter, 
dry the copper on bbtting-paper, and heat in, a 

tube, sealed at one end. "the toenicum will bfi . 

will sublime, condensing in . minute octahedra ph^..0^d:4id«i 
of the tube. / ! . . ' , • .k\ 

This is Ecimsffs pest jR^ jfptoe. 
made as follows..:— ; 

Exp. 247. — Into a. wEe;'mpttthed of the capacity of . 150 
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or 200 c. c., c8rk providf^j^k^t-'ii’^fube fiil|?el gassing 
pTtearly to the bbttpfh, and hiay 

'have a upon it, as is to be 

' connected by Wans of a cork with a wider ®ife loosiely filled 
with calcic chtoiMe. To the end of this dt|^^ngM:ubc a 

piece of qu® tube, free from lead, dra^n out into a. 
end. In the flask place a few frajpnents af piir^ ainc, Ot*, fectw 
still, of malJpcsium foil. Then pour on and add 

a . sufficient qiifntity of pure sulphuric acid. caosj. a steady 



formation of Hydrogen. When all thq.air has bad time to be 
displaced, apply the flanu. of a lamp to the shoulder or ^gin- 
jjing of the naimwed paji of the tube. Add through the funnel 
two or three drops pf a solution of ^rsenioiis acid. Immediate 
voltaic actiO|i:avi]l occ^r; the arsenious acid will be deprivefl of 
its ox>'gcp^'.,and part of the metal will at the instant combine 
w'ith hydrd^n, forming arseniurcAted hydrogen. This gas will' 
be sepafad&d ii^o arsenicum and hydrogen as it passes through 
the heated and the metal will be deposited as' a stcel-g: cy 
ring just beyond the spot at which the heatt is applied. 

. ^rsemc An/^ydride (As^O.,) n^ay be obtained by boiling 
arseniobs n7W)ydride vvitli nitric acid, at/d ev^orating to dry- 
r^-ss. It is very soluble in water, and fonns a powerful 
tribask acid, which furnishes salts ; these X'resent a v6lfy close 
resemblance to the tribasic phosphates. When unitedvivith 
the .same metal, the arseniate and phosphate crystalHi^g 
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• 

exactly the same form, and with the same number of mole- 
cules of water of crystallisation 

The hydric disodic arseniate (Na2HAs04, iiaiH20)is‘made^ 
in large quantity for tlie calico printer and dyer. The potassic 
dihydric 'arseniate (KH3ASO4) crystallises in hne octahedra, 
which arc easily obtained by throwing a mixture of equal 
parts of nitre and arsenious anhydride into a red-hot clay 
crucible. Allow the mass to cool, dissolving die residue in 
a small proportion of water, and setting it aside to crys- 
tallise. 

Arsenicum and sulphur combine in several proportions: 
the red compound (As2S2)*is called realgar \ 07 ’pimejit is 
AsiS3; and there is anodicr sulphide, AS2S5; thfese two last 
correspond to arsenious and arsenic anhydride 

Orpiinent is easily made by passing sulphuretted hydrogen 
through a dilute solution of arsenious acid in hydrochloric 
acid, Orpiinent melts easily : it is soluble in ammonia, as 
well as In potash and soda, and in a solution of an alkaline 
sulphide. 

Only one compound of chlorine and arsenicum, the tri- 
chloride (AsClj), is known. It is liquid and volatile. Corre-, 
s])onding coinj;ounds w*Ith bromine and iodine are solid. 

Arteniureiied Uydrogm (AsH^). {Mol, md A/omir If If. 
78; Or. 2 695 j Edatim VVt. 59; Mol, Fol f T 1 ) — 
Arsfnicura forms a remarkable gaseous compound with 
Jiydrogen, which is a deadly poison. It is neitlier’.aeid nor 
alkaline, but it has a close analogy with pho^huretted 
hydrogen, axul with ammqiiiaf It is nearly insbJtible in 
water, but is absorbed with decomposition £y solutions 
of cupric suljiliate, of corrosive sublimate, and of argentic 
nitrate. In the last c^se, metallic silver and arsWiic acid sft'e 
fonned — ^ ' 

AsHa + SAgNOa + 4H2O = 8HNO3 H- H3ASO4 -f 4Ag3. 

Its decomposition, when heated, is turned to atx:ount in 
Marsh's test for arsenic. 


s 
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TUs m^I is, a^jrs from, ^ set^uMphide, 

whidils alfoi;^-whib6>i^^ 

sidedvpi^s, stii^^ actbss thifeir kn^k This stslphidie 
is and melts below^ared heat^ cijstsdli^ng;^ it c^ 

commerce; is the; sulp^de by 
f4iS|i|MS^^pin^ iti eaxthy impuiitiea^ inetal is ea^y Cb- 
ta^i^ih small quantities by mixing 4 bf this stflpbide 
witfa 4 of pearlash atfd i J nidre, powdering and mixing them 
iatitnately, and growing the powder in amill portions at a 
time into a crucible kept at a bright , red heat lb,e quan- 
tity of siitrC used is not sufficient to oxidise both ‘^e sul- 
pbmr and the mptal ; and as tbe sulphur is the more com 
bustible element, it btiiu^ while the metal melts, and collects 
beneath the melted slag of potassic sulphate. 

Antimony is a brilliant Uttish-wbite metal, crystailising in 
plates, and is so brittle that u .may be easily powdered in a 
mortar. ' . ' 

It melts just above a red heat, and bums brilliantly in a 
current of air, giving off white fuipes, composed^ chiefly of 
antimoaious oxide. Powdered auffniony takes fire when 
thrown cold into chlorine gas, and it corabinea jenergetically 
both with bromine and with iodine. Nitric acid and aqua 
regia oxidize it with violence; and if powdered, and bf-iletl 
with sulphuric-acid, it is converted into a sulphate^ The 
metal^ in fine j)Owder, digested with a persulphide of one ov 
the alkali metals, is dissc^ve^ 

Antambnf is too brittle to be used alone, but it is 
&r hardening oiJier metals when alloyed with them.,.r Type 
metal is alloy of lead with abo^t^one-fourth 4 f;antimjtmy, 
and often about the same quantity of^jin is added 
The oxi^, when ground up with li&eed 08* furnishes a 
white pi^ent,Jfi^io^^ however^ to commpn white 

iitid tartar emetid 4 s^i-Of ts^aric add 

Antimony h^ve mediane. 
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Antimijny fonifk^ three oxkies ; the s^squioxide^ is st 

feeble base, which is freely soluble in hydrochloric and in 
tartaric acid; Sb205 is a metallic anhydride ; it furnishes 
salts with bases: called anfimmities ; and is a comt 

pound of these two, which is formed by hearing either of the 
other oxides in a current of air. 

Antimony combines with hydrogen, and forms ,a colourless 
gas, much resembling arscniuretted hydrogen, but mth, too 
special odour. It may be obtained by dissolving an alloy of 
zinc and antimony in diluted sulphuric acid. When a solu- 
tion of any antiinonious salt is added to a mixture of rihc 
and sulphuric acid which is giving off hydrogen, the antimonial 
salt is decomposed, and antimoniuretted hydrogen Comes oft 
mixed with the free hydrogen. It is decomposed When 
passed through a red-hot tube, and a brilliant crust of me- 
tallic antimony is deposited* When the gas is burned in 
tlie air, white clouds of antimonious oxide are formed. 

Antiiftony forms two sulphides (Sb^S^ and Sb^S^), which 
corresi>ond to the two principal oxides. They are both 
soluble in tlie solutions of tlie sulphides of the alkali metals, 
and Combine with them to fonn definite crystalline com-* 
pounds, or miphur salts, 

"J'iie sesqmmipkide (Sb2S3) is the ore of the metal, but it 
may also be obtained artificially in beautiful orange-coloured 
fioA'uIi, by sending a current of sulphuretted hydrogen 
through a solution of tartar emetic, or other soluble antitno- 
nious salt The formation Of this compound furnishes one 
of the bjst tests for antimony.* It is soluble with escape of 
sut\)bureltecl hydrogen in hot hydrochloric acitf. 

The metal forms two chlorides (SbCl3 andSbCl^), which 
correspond to the oxides and sulphides. Th<e tric/iUflde 
(SbCy is a fusible solid, which is a strong caustic. It is 
soluble in hydropmoric acid ; but, oh dilutioUj unless the 
quantity of acid be veiy large, un itiduble oxychloride 
(BbCla. SbiQa) 'Tails a white powder, readily soluble in 
tartaric acid. If antimony is heated with dhlorine in excess 
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, c 

k fiinns the (SbOs),, a fiuning ybfatile liquid, 

which is decdmpofsM by a: large qu?i"atity of Vafer, 

The toiapdundsof'AUtitBtoyarc pO^ya^ Mtaa 
Anthnouy is more lik% to tor arseutciHsm for 

any "other metal The <Tust which i§ formed by^^ecom- 
po^iig •autimomufetted h}'dfbgeh in *Marsh*s appa^hs does * 
not jr^pld octahedra, when subKmed /m a tube witjh ailt, but 
" The metal is also easily sbli^le ih' :ydl<i»w’'kniimo- 
mum sulplhM^^, which is neatly without e&to aisenical 
crusts, ’ ' . . , 

(59) Bismuth; Bi; A'iom. JjPX 210; S/>. Gk 9*8; 
Juising P^. 264®. , • ' ' 

This metal is found but rarely, and is generally met with 
in the native state in quartz rock, from which it k comtnonly 
separated by simple fuston. It is,, hard, brittle, and of a 
reddish-white eolbur. It may be crystallised more readily 
than any oj:h«a: metal ; and it furnishes large holkiw cubes 
by hision. and slow cooling, pouring off the inner part before 
the whole has become solid. Bismuth does not become 
tarnished by exposure to the air :atr.ordinary temperatures, 
but it is rapidly oxidized in a current pf air m a red beat. 
Jf thrown in powder into chlorine gas, it takes' fire; and it 
combines, easily with bromine, iodine, and sulphur* Nitric 
acid is its best solvent* The nitrate ay^stallfees in fiat^ trans- 
parent, colourless prisjns. . r,'. / ^ 

, This.psil!^ alond; but if ei^s intbfi rmark- 

ably fusible aiioy,^. which mhy be prepared, by iijelting to^ 
gether 2 parts of bismuth, x of lead, and r** oif tin. 'fhis 
mixture melts at a little below too® C.; and as it expands in 
setting,, H i: valuable to the .diersinjter, as it ^(enaWesi him 
to take sbarp.and faithful impressions qf his work from rime 
to time during its progress. J^^tfiuth fe^ms'fwb prindpal 
oxides; .#}ikh is and is' easily, obikined by 

heating, the nitrs^ tb'%^^redfe«ss ,a 
ted heat and may be stained as "white by 





adding amfiiOTta to a spltJtioii of , the bferaut^i salts ; 

the other is browh/i^d;:||irni§]^ li^sjabie 
compounds ^th v " 

A mtive (]SiS^% b^d&ipuaUy found qy^tallised 

in needles, aitd is formed h a, bl^k/pi^pitke ^when solu- 
tions of^he ^etd are treated ^th sutpliia^ted hydr<^g^. 

A (BiOa) 4naybe obtained as a ve^yr^sSble, 

volatile^ and deliquescent substance. It fe, deqom|^se 1 d by: 
water, afed a white dsgrchloride formed, while h]^bc:hlefleic 
acid is set foee., 

H2O = BiOCl -f 2HCI. 

The Nitra^ (Bi^NO^, sJiaO) is the most important solu- 
ble salt of tins raefol. Jt is soluble in excess of acid, but if 
largelydiluted with water a white basic nitrate (BiaO^, sHN^^} 
is precipitated, while an acid salt is formed in th^ liquid-T- 
3(BmO,) + ^HiO « BUO 3 , 2 H «03 ^ Bi3N03,4HNO,. 

Bismuth sails generallybecome milky when their solutions 
are diluted* with watljr, owing to the formalaon of un fo- 
soUible salt containing exc€^ of the oxide. 'This precipi- 
tate is easily dissolved by acetic acid. Solutions, of the 
alkalies give a precipitate of the white hydrated Oxidfc, not 
soluble in excess of the alkali Solutions of the carbonates 
and phosphates give a wliite precipitate with bismuth ^salts ; 
biij the yellow, with potsassic chromate, insoluble in caustic 
potash, is used to distinguish bismuth frpm leaSd, as the lead 
, chromate is. dissolved by excess of pofosh. Befow „th<^ blow- 
pipe bbmuth salts on charcqal yield a brittle of metal, 
sujroUnded by a ring of yellow oxide; \ ' 


/ CliAPTER XVI. 

I* COPyER, 2 . lead* 3* ra^lUM. 

,i(6]o) i; CopMr t Cyx \ ^t^vu W; 63*5..^ This 

valuable met^l is .frequently found " native, but its m6st 
cmnjnon ore is the sulphide of copper and iron, kno^vn as 
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copper i^ites (Cu^S, FcjS^ ; and othier less cd&Moii ores 
the green carbonate, fnalac^iMe (CuCOj, CuO^ H»Q), and the 
bine catbonate (aCuCd^, CuO, HaO). 

In tile Welsh process of copper smelting, the pyrites is 
roasted at a dull red heat, to get rid of portions of the sul- 
phur. The calcined ore is then rrieHed with a siliceous slag, 
which rejnoves the iron in the forpi of silicate of the oitide, 
leaving the copper in the condition of a heavy fusible sub- 
sulphide. This is separated h'om the slag, which floats 
above it, and is then roasted, so as partly to get rid of the 
sulphur as sulphufous anhydride, and partly to convert the 
copper into oxide. Wien this point is reached, the smelter 
stirs in this oidde, and mixes it with undecomposed cupreous 
sulphide. Yhe copper, botli from tlie oxide and tlie sulphide, 
then becomes reduced to the metallic state, and the sulphur 
and oxygen pass off together as sulphurous anhydride — 

CU2S -f aCiiO 5=s 4CU 4- SO2. 

The crude or Mistered copper thus obtained is. then melted 
in large quantities iri a reverberatory furnace, where it is 
fooled; that is to say, the trunk of a young tree, is thrust into 
the melted metal, and thus the last portions of oxide are 
reduced to the metallic slate by the combustible gases given 
off by the wood, and the copper is brought into the pure and 
tough condition in which it is required for use. « 

Copper is a cough, tenacious, and somewhat hard metal, 
with a well-known red colour.* It emits a, peculiar odour ^ 
when rubbed. It may be dre into vciy fine wire, can be 
rolled into foft, and hammered into leaf. IWis an excellent 
conductor of electricity and of heat When required in a 
stale of perfect piiri^jr/it may xeadily be depbsited m sheets 
from a solution of its sulphate by the^ current from one or 
two cells of the voltaic batt^% It tamfl^s wfien exposed 
to theatinosphefe : and if heated to rednesi^ in the air^ a layer 
of oxide is formed upon the surface, which scales off if it be 
suddenly quenched in w’atef, leaving the metal bright beneath. 
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Nitric ackl'dissolves copper with violiittCe, living, off red 
fumes of nitroJiis anhydrule* Sulphuric adci in die oiild does 
not attack the metal \ but if ^he ^trohg add be bo'fl^d upon 
it, the copper is dissolved^ cupric sulphate is formed* and 
sulphurous anhydride is set free. 

► Copper melts at a bright red hea^ or 1090® C. It is 
extensivdy used in the manufacture of boilers, kettles, 
sauce{)ans, and the like i also for the sheathing of sh^s ; and 
it enters into t^je formation of many useful alloys,- hr^f 
being, a mixture , of about 2 parts of copjxjr and t of dnc, 
and bell metal and bronze, which ate alloys; of copper and 
tin. Some of the compounds of copper ate used as pigments. 

There are. two oxides of copper : the red, or cupreous, 
oxide {CU2O), and; the black, 'or cupric, oxide (CuO). It is 
ti^e latter which furnishes the important salts of the metat 
The hydrated red oxide is easily obtained by dissolving i 
jmrt of cupric sulphate and i of grape-sugar in water, adding 
a solution of potash till the precipitate of hydrated cupric 
oxide is redissolved, and then boiling thesolutbn. A Crj^s- 
talline precipitate of cu|)reous oxide is deposited. This 
oxide is used for colouring glass of a ruby red. 

Cupreous oxide is soluble in ammonia, and formji a 
colourless liquid, which turbs blue flirectly that it is exposed 
to the action of oxygen. 

248. — To a solution of cupric sulphate add ammonia 
in excess; introduce the solution into a bottle with some 
co]iper turnings. Cork up 4 he bottle securely, and fdace it 
in whaler; heat it for some hoys nearly to boilii^. The blue 
sc 4 ution^wUl gradually become colourless, and* a portion of 
the copper will be dissolved, the cupric becoming converted 
into, cupreous oxide. When cold, pour a little of die colour- ^ 
less liquid upon a white plate : it will absorb oxj^en instantly, 
and will become b^e. 

Citric os^de l(CuO) may be best obtained pure by .dis- 
soIvH® pure hopper ' in nitric acid, evaporating, tifie blue 
solution to dr)TOSs, and decomposing the nitrate by h^hg 



^ Tests 

it to in u tkne. 

Kitrpgen^'(! anA^ is kft 

as a Wapk poTn^frfi ;;tt1s the 

blue -and /gr^eii salts of tbjf metal’ A;adteSicm. of .^riy one 
of these salts, such as tb«^ sulphate* ^hen de,^®poscd by 
potash, gives a pale blue hydrateA^upitc b 3 ddie;wikhi ivhen - 
bo^din water, becomes btadt an A anhy^temk ; Ammonia 
^eis:a ’3%iilar predpitate, whidh is 'tedisscdv^ by an excess 
of the aSkali, furnishing an intensely blue‘'|fquSJ, chru'ac- 
teristic of copper. \ 

The sulphate, or blue VWpi /CuSO^, is its .moeft 

important salt ft is easily obtained bn the large scale by 
boiling metallic oopper with oil of vitiibl j^jated with half 
its bulk of water; , It trystaMi^es in beautiful blue prisms, 
which, when heated, lose water, and crumble down tp a 
white powder. - . ' ’ 

Cujhiff chloride (CuCU, sHaO) may be bbubed by dis- 
solving the carbonate or the oxide in hydrochloric add, and 
evaporating. Its ciystals are green, and form a gt^en solu- 
tion,' which becomes blue on dilution. When heated* it 
loses water, and then half its chlorine, cupreous chloride 
(CuCl) being formed. Cupreous pWoride is alsoformed when 
a solution of cupric ddonde iii hydrochloric ncid is digested 
on copper in closed vessels 5.' it crystallises ^^^dually in 
transparent tetrahedra, insoluble in wafer, Suit soluble* in 
excess of hydrochloric acid, 

Cu/fiyoius suipkUk (Oxz^) is occasS^nallr^^*® native, as 
ismlso the cuf^ sulphide (Cu 31 , which is pfedpfeated \% a 
biownish-bla#1c hydrate when a sohition of ,a.cupij.c sellfis 
mtposed to the kctioil Of sulpbumted'hydafegeit’'^ 
addition to the .^aia'cfe 

liquid jsotiirions of cupric sab:s ^ the Wdirion of 

excess of amme^agt they are known a brown 

pj^ipitate Terrocyaii^ deposit 

^ liietallic copi^et whibhl^ 

kfp, if plunged imp a feebly acid soluti^ of salt 



Before ^>Jo0»piRe,€i84w«!|)?U.in ^aciijgfite»e^c<Mfl- , 
pounds of tiie iiK^ 

Copper :|irpda€e vomiting act 

as powerfijl init^ ppisotes. ’- - ■ , • ■, ;. 

( 5 i) 2. LiAD : ; Atom, IVt 207. — ^This TUsdTul 

metal ocoirs tolerstbly abqii^ntly in the form of isulphjde, 
or ^tf/«!?t»-{PbS), which is %i 61 n}yore ofjmpohanci^^i^ 
it is founiJ Jiiotth as carboi^te and as siSp&te, ancfdn one pr 
two other minerals, . / . V 

In extracting the ,mch:al the . sulphide^is roasted on thfe , 
hearth of a re verb^atory furnace. Sulphur burns off, and 
a mixtore of p^ide 4nd sulphate of le§d is formed. These 
substances are at intervals st^ed by the workman . into tlie 
melted m 4 ss pf Sulphidp/beneath. The oxide and sulphate, 
as well as tlie sulphide, giye up their lead in the metallic 
state, and f|ke sulphur and oxygen pass off as sulphurous 
anhydrjde; Gflena yields by oxidation — 

aPhS + 3d* « 2PbO + .?SOa; and 

PbS + 20a rbS04 ; and then 

2 fb 0 + PbS « ,3Pb + SO,; while 

PbSO^ + , ,pbS 2Pb + 2 S 0 a. 

Lead is a soft, bluish-white, brilliant metal, of Ktde tena- 
city. , It inelts at a tem|»?rature of .327® G., and may with 
sqjne difficulty boi cxystallised by slow cooling. / It shrinlits 
as it becomes solid, and hence is not well fitted for castaij^ge* 
If exposed tP it^damp ajtmc^hcre it soon tarnishei^. a^. an 
adherent layer of oxide fprms upon the surface,. If hmted 
ii^a cu 3 ^t of air, wheaai melted, the metal oxidises quickly,, 
and funife^es,. dti px|1e, which mete at a iull red heaj; 
During this opemticm it e^te white fumes^ mving 
partial vols^lisation^at avhigh 
when some^tet^dfluted, dissoh^^^ Ihe '.jnamI 
sulphuric and h/drochlprk adds ha-ve hwt Itelp - 

it. It is this account that sulphuric is maa^,^ 
chambers Ifeed: with- lead. „ J 
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Ijea^ is <;3aensively mtd in the con$tmctibtt lOf cisterns, 
gutters, md ppes for the stc»uge and distribution of water ; 
also forroofir®. It enters intn valuable aiioys, such 
as pewter, t}^pe-Tnetal, and plumbiers' so^er; and is used 
in formic^ oxide in mafekg gla^, fl'he carbonate, oxy- 
chloride, and chronute are lai^ely employed as pi|;inents. 

Lead is a dangerous but insidious poison,, producing 
symptoips of colic and partial palsy. It is apt to accmnu- 
toe'in the body when swallowed inminu^ quantities; and 
as it , is largely used in the storage of water, it is important to 
'Study the conditions under which lead is liable to be che- 
mically acted on. 

When lead is exposed to' a 4ry air it does not alter, but 
water in the presence of air corrodes it rapidly. The lead 
becomes oxidized on the surface ; the water dissolves the 
oxide dighdy, and this solution absorbs carbonic acid : an in- 
soluble hydrated basic carbonate of lead is precipitated, fresn 
oxide is formed on the metal, is dissolved by the waK^r, fresh 
carbonic acid is absorbed, a fresh precipibite is formed; and 
so the process goes on continuously. The presence in the 
water of small quantities of man}' soluble salts, sucli as from 30 
to 60 nigms, per litre, materially alter this result. The corro 
sion is much increased by the presence of chlorides, nitrates, 
and nitrites ; but it is diminished by the sulphates, phosphate.s, 
and especially by the carbonates. Lead dxide is scarcelytso- 
luble in \mcr which contains thase salts. The water*supplied 
in towns generally holds sufficient calcic carbonate dissolved 
to prevent it from acting to ^ix>' injurious extent upon the 
metal. A film of insoluble basic carbonate is fontjed upon 
the surface, and thus the lead beneath is protected from 
further Corrosion. Sometimes, as in the pure lake waters of 
Scotlashd, the presence of a little veg^ble matter acts as a 
preservative^ by combining ‘with the ox^e of lead, and 
forming an insoluble lining to the cisterns and pipes. Slate 
cisterns, however, are in all cases to be ]3^teferf^. 

Lead forms four oxides : 4 black subexide fPb^O) ; a 
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^ » 

protoxide; the important base (P^) from vdiicji^fhe salts of 
the metal are derived ; a browsjMdioxidie (PK>2)^ which .fe iiv 
soluble in the acids ; and an a^termedlate oi^ (red lead), 
a compound of one or of two n^ecules Of the 'piotoxide 
with one of the peroxide (PbO/iPbOi, or more usu^y 
.aPbO, PbOa). ; . — 

llie frotoxjhk^cfc iacommonly obtained^ by 

heating tlie metal in a ciiirent df air, as a pale scaly 

mass. It fuses at a full red beat, and is .a valuable J20 
the assayer; but it speedily penetrate and destr<^s the 
crucibles in which it is melted. -A solution of a salt of lead, 
such as j)lumbic nitrate, furnishes, on the captious addition 
of potash or soda, a white precipitate of tiie hydrated oxide; 
it is soluble in excess of the alkali. Lead tndde is a powerr 
fill base. It is readily soluble in the acbl^ and Iras a strong 
tendency to form salts Vhich contain an excess of base. . 

Exp. 249.— Dissolve a or 3 grams of lead acetate ih''2oO oir 
300 c. c;of water, and boil it. with a grain 'bf Unely-powdcred 
litharge : the oxide will gradually be dissolved, and the sofu-. 
tion will restore the blue colour to reddened litmus. 

Exp. 250.— Blow a little air fi?om ^e lungs through a short 
quill tube into a little of the solution in a, test-tube : the .solu- 
tion will bpeome filled with white silky scales of the hydrated 
oxycarbonate oflead (PbO, H* 0 , "PbCO^. 

Chis solution colisequOTtly furnishes one of the best tests 
for uncombined carl^onic anhy^dride, whether in air or in water. 

Ee/i kad, or mimum, is obtained by heating metallic lead 
in a current of air below th| point at wiiich the lUhatge 
fuses. Tlie oxide is ground with water to » fine i>oiwder, 
and the fine particles, afu^ diey have settled down from 
suspension in water, are heated to about 320"^ C,. in iroh 
trays, in a current of air for several hours. o&cygen 
is slowly ab.sorbed, and a fine red crystiaJMhe powder is 
obtained. If h^ted td redness, the “absorbed oxygen is 
driven off, and litharge is left Red lead is laigefy ^ed.in 
making flint .glass. i"' v % 
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' . 5 ^ little nitrifSi^ adfj> ditoed ’with 5 or 4 

times W^W!5 ^,^:i^'0'h a. fevt'-iidecigE^s of ‘red .ead : 

the ted ec^^T viyi^ and .^e broiA 

win'Wjiift uiidissol^d, ^144^^4 is fbimed. 

Lead (f*bS).r^tead has a. yciy powerful attract 

tion for sulphiir. Galena, )thc common pte of the inetal, , 
is the sulphide j it has ^ deep leaden colj^ur, is. haid^ brittle, 
and has a high irietallJc lustre. It fuses .at a full mi heat, 
ah4^s^ P3ci<$a^d easily,' with i^cape of sulphurous anhydride, 
in a ctirrcii'^fair, 

,10 .grams of powdered, gafcna with .14 
dried ^pdip ^Garhdfls^e i gram of f^wderod Ghajneoai. 
Place 3 w 4. blacksmithl^s nails, with thdr h^'ads downwards, 
in a (Jomish 'day crucible ; then add Cover it 

with a thm layer ^ fused and - powder^^ homx* Heat the 
crucible to full redness ibr to minutes; take out. the nails. 
When cool, tireadc. the crucible: a button of lead wiH be found 
at the bottom, ' sulphide of iron being formed, while metallic 
lead separates, xli^ method is commonly tt&ed in the dry 
assay of a s^mplOibf galena. 

All die iialts of lead, both. 4 )lublC‘ and ‘‘msoluble> become 
blacdiened^wkw^ placed in ter conmLming sulphuretted 
hydrogeiL. 5 

Lead Chloride (P&Cia) is sparingly soluble ; it is preci- 
pitated in crystalline needles on abiding h^ydrochlpric. acid to 
a solution of a leadwsalt * 

is a white insolubie powder pro- 
duced od'adtB'fi^^odic sulphate *or ,0ther soluble sulphate to 
a soltit|0^,of a lead salt. r s, " ' 

Zi!wrf, (Pbl^) is pellow and fcsoJuWe.' It fbrrrfed 
hgr sliding < peits^ic / ibldide to 'adluble £ead salt The 
is also ye^ and iwsotole. 
j[f btsNO^ is prepared W dissohdng mmUk 
lead fai nfhfc acid, ahd ei^pomtij^g ; 
drou.s d^osi^d, Sev^al :basie sa^ii^es afed 

nitrites may'ls^efbnaaed ■' 

Lmd Caf^mmle (PbCO^), oi%hite lead, m;one of 
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important insoluble compounds of tho metal. When groond 
into a paste ^ith a diying oil (lins^eed oil beibg gencrstliy 
used), it forms the basin of our commrm hotSts^ paiut$f 

Lead forms a very large number of irisoluble compounds. 
The suljdute, iodide, t^iromate, and sulphide are often 
•used as te^sts of the metal. If a water contam lead, eve4 m 
niiiiule cjuantiiy, its presence is easily ascertained by uking 
two similar jars of 25 cm. high, of tolourless glavs, tilling 
both of them with the water, and addtni* to one of tlie jats 
3 01 4 c. c, of a solution of sulphuretted hydrogen. A 
(juantity of lead less than one port in two miflions is easily 
jierccived, by the brown tinge occasioned, on looking down 
upon a :»heet of white iiapdf* , the jai to wrhich the test has 
not beeu ad<led Btrving as a staiubrd of comparison* 

?53,^Di8S0lve 30 grams of lead acetaic m ^ litre of 
distilled water in a fliisk, and lung up in (he solution a lum} 
of /utc. If the glass is left andistutbcd for thiee br four days, 
beautiful <r>si41ine plates of lead, fonning what is often calltd 
ilio *kM(l tree/ will be deposited upon dm rine. Zinc will have 
been d»bSolvovl,*i\hile the load, uhtbh has a smaller atu^lction for 
the radTC.il of the acid, is Sbpaiated. 

Before the blowpipe on charf^oal the salts of lead yield a 
•soft, white, inalleable bead of the metal, sunounded by a 
yellow ring of oxide. 

^62) 3. TniAt^Lit/M : Tl; J/m* 204. — ^This 

IS a metal which accotnpianies ctMtain kinds of pyntds m 
small quantity. It was discovered quite recently ly the 
beautiful gieen colour whidi^it gives to flame ; and this, 
wften vKiwed by the spectroscope, is found *10 be concen- 
trated into a single intense grctn lane. It 1$ a heavy metal, 
resembling lead in aopearance, hat it tamisbeii^ m 

the air. Its principal oxide is solabl<^ Water, jtnei haf) an 
alkalu^e reaction on red litmus. The sulphate, nitrate, 
and carbonate, are white soluble salts. Tlie Sulphide 1$ 
brownish black ; the chloride yellosvi&h-white, md sparingly 
soluble. % ^ 
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CHAPTER XVII. 

' THX noble METAti 

I. MetiCD^V* 2. Silver. 3. Gold. 4. Platinum. 5. ?aliadu*m. 

Rhodium. 7. Osmium. 8. Iridium. 9. Rijthenium. 

(63) I. Mhrcuuy : Symk Hg ; Ato?n. WL 200 ; Gr,^ 
at o®, , 13*396 ; of Vapour^ 6*976 ; J^fel tin§ Pt, 39” ; Moiling 
Ft 350**'; Atom. atid.Mol VoL | ; } ; * Ret IVt 100. 

This remarkable and interesting metal, often called (pikk’- 
sliver^ is tlie only one that is liquid at common temperatures. 
It is found in but few places, and then usually ^ sulphide 
in the red ore knovvm as cinnabar^ accompanied by small 
quantities of the metal itself. It is extracted from this ore 
by simply roasting it in a current of air, and passing the 
vapours through long earthen pipes, The mercury condenses, 
and the sulphurous anhydride passes off into the air. Mer- 
cury possesses a lustre like that of polished silver. It 
volatilises slowly at all temperatures above 4® C. ; and when 
heated, It boils at 350®, giving oif a heavy transparcni 
vapour, which is 100 times as dense as hydrogen. It freezes 
at — 39®, and forms a white malleable mass, which contracts 
, suddenly as it becomes solid. When pure, it is not tarnished 
by exposure to Hie air j but if kept at a temperature of 300® 
or 400'^, it absorbs oxygen slowly, and becomes converted 
into crystalline scales of the red oxide* The purity of the 
metal may te jjudged of by the perfect mobility and spheri- 
city of its globules, which do not wet non-meta!lic surfaces. 
If any other medals, such ais zinc, lead, or bismuth, ^be 
present, the globules assume an irregular ellij>tidal form, 
and have a tail-like prolongation as they roll about. 

£.xp. 254.^-dDissolve a fragment of icafl of about die size of a 
mustard seed in 40 or 50 grams of clean mercury. Cork it pp 
in a glass bottle Vhich will hold 200 or 300 c. c. and agitate the 

The of the vapour of nncrcury, lik« that of zioti tadmiam, 

andii^ther metallic dyads, contains only i atom of the 
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mercury briskly: ii block m^| be iSund 
Withdmw the cork, btaiT out thifero^r^th a paieW b4idw$, 
then renew the ^Kakin^ *: Repeat this three or four; fintes; wit 
the black powder cesses to increase*/ Then pour ^e merPMy 
into a cone of wntin^j-paper folded ^ke an ordinary filt<^^ but 
pierced at the point mtk ai piailibte> aiid ^pported in a funhel : 
• the metal will run through, andl^ve the oxide of lead,v nqix^ 
with finely divided mercury, adliering. to the paper, ,, If' a little 
finely-powdered Ip^-sugajr be added before agita.ting the mercury, 
the procesis is evicted more quickly* ' 

If a isasge quantity of mercury is" to be. purified from 
foreign metali^ it is best to place it in a shallqjf layer jon 4iie 
bottom of a dish, and to cover it with nitric acid diluted 
with ten or twelve "times Its bulk of water, leaving it for a 
few days at ordinaiy^ teniperatures, frequently stirring the 
acid and mercury together; after tvliich it inay be washed, 
and dried with a clotli. ,, 

Mercury is attacked immediately by chlorit^ and by bro- 
mine ; more slowly by iodine It ^so dissolves most of the 
metals, except iron and plarihum. Gold, silver,%knd tin 
amalgams are usi^ in the arts. It also combing readily 
with lead, Wsmutlr, , antimony, zinc, and copper. , Ihe 
amalgamation is immediately effected by cleansing the s^ir- 
face the irt^al with "a solution of mercuiy in nitric acid, 
and then placing the mbtal the mercury. 

♦litric acid disSolv^ mercury with great energy and 
liberation of ni'trotts fumes. Hydrocliloric afcid is without 
' action on tlie metat Sulphuric acid, wheri boiled upon it, 
dissolves mercies while sulpljurous an^dride is given off ; 
bi^it h^ no Action upOp it in the cold* . n J:, 

Mercury is used in Medicine, mixed, 
with chalk, into a grey powder ; and when ihcorpqmtfed wim , 
a prol>et proportion of conserve, it forms what ,fs wtllkndw^ . 
as bhtepiiL It acts as a powerful metallic poison. Woffc 
men exposed to its vapours in the operations of- gilding 
suffer from a peculiar tremulous affection, rmercutM 
palsy; and it often produces salivation, with' ulcetatiic^;^^^ 
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tile mouth and throat Some of its salts, such as corrosive 
sublimate, when swallowed, act as immediate ahd powerful 
irritants, producing speedy death* 

Mercury is largely used in philosophical enquiries. Its 
e^epansion in glass is employed as a measure of temperature 
in. theHhermometer ; and it is not only a requisite in tlio 
construction of the barometer, but it furnishes an indispen- 
sable liquid in the apparatus used for the accurate collection 
and measurement of, gases. 

Mercury forms two oxides: the grey or black oxide 
(HgiO), and the red oxide (HgO) : both of them yield 
salts when treated with acids. 

Mercurous Oxide (HgiO) is a powerful base, but is^ unstable 
when isolated Exposure to light or to a moderate heat causes 
it to separate into the metal and the red oxide, Hg^O becoming 
Hg -f HgO. It is best obtained by grinding calomel with 
caustic soda in excess,' and rashing out the sodic chloride — 

sHgCl + 2NaHO Mg^O 4- cNaCl + 11 ^ 0 . 

Mercurw Oxide, or the red oxide (HgO), is obtained 
slowly, in red scales, by heating mercury to 300® or 400® in 
an open flask with a long neck for some days ; but it is 
more conveniently ptoWed by heating the nitrate cautiously 
till it is converted into a bright scarlet powder. It may also 
be precipitated as a yellow powder by ackiing a solution- of 
potash or ^da to one of corrosive sublimate. 

The red' oxide, when heated^ becomes black; and at a 
higher leniperature is separated into metallic mercury and 
oxygen* It easily dissolved by acids. 

Mercury forms two sulphides, Hg2S and HgS, the latter, 
ciunabar, constitutiihg the principal ore of the metal. It is 
formed artifitia%d^ subliming mercury with aboiit a sixth 
of its weight of sulphur, when it furnishes the beautiful red 
pigment knoA\Tri as vermilion. This sulphide is also obtained 
as a black precipitate by decomposing, a ^olubk mercuric 
salt with sulphuretted hydrogen in excess. 
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Mercuiy forms two dilorkJes, iMorhel (HgCl) and 
corrosive sublifftate (HgCU)* 

Calomel^ Or Mercurotis (HgCl), is a Heavy, white, 

insoluble powde*, w'hich may be ,^btaincd by mixing a solu- 
tion of sodic chlqride with one of mefcurbtts nitrate ; but it 
, is more commoiily obtained by converting 4 parts of MerCqry 
into sulphate by boiling it to diyii^s with 6 parts of oil 
of vitriol, and then grinding the djy with 4 parts more 
of mercur}^ and 3 parts of sodic chloride; and heating t^e 
mixture. Mercuric sulphate is first obtained-— 

Hg . + 2HaS04 HgSO^ + 2HiO + 

This sulpiiateis then converted, by the additional mercuiy, 
into the mercurous sulphate — 

ttg' 4* HgS04 == Hg.SO^; 
and this, by sublimation with common salt, is converted 
into calomel and sodic sulphate— 

2Naa 4- HgaSO^ ^ = 2HgCl + Na,S04. 

Eotp. 255.— Heat a little calomel in a test-tube : it will sub- 
lime without melting, and condense on the cold sides of the tube. 

Exp. 256, — Place a small quantity of calomel at the bottom of 
a short quill tube, cover it with a layer of dried sodic carbonate 
1 5 mm. iliick, heat the sodic carbonate to. redness, and gradually 
sublime the calomel through it : white metallic globules of Che 
metal will condense in the cold part of tlie tube. 

y^orr<}swe Sublifttate^ or Mercuric Chloride (pgCh), is 
usually prepared by grinding 5 parts of mercuric sulphate 
with t <rf common salt, and"*subJ:^ing the mixture — 

^ " TigS04 ^NaCl =? HgCl* 4- NiuSO^- 
Its fumes are very acrid and poisonous. 

Corrosive subiintate melts easily ; and when heated further, 
boils (at 295®), furnislfing vapours, which' dbndense in semi- 
transparent or in w^te crystals. It is freely soluble in water, 
akohoi, and ether. It is the most important of the solubfe 
mercuric compounds.' It is a strong smtiseptic. 

Exp, 257. — Whip up the white 6f Isiu egg with stiihiu it 

■ T 
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through muslin. a little solution of corrosive sublimate : an 
immediate coagulation of the white of egg will occur. Such 
coagulated albumen is not liable to putrefy. 

Wood, cordage, and canvas are sometimes soaked in a 
solution of the salt, and are thereby rendered less likely to 
decay.* g 

Mermric Iodide (Hgl2)- — Add to a dilute solution of 
potassic iodide a few drops of a solution of corrosive sub- 
limate: a yellow precipitate of mercuric iodide, becoming* 
salmoh-eolpured, ^and ultimately brilliant scarlet (Hgh), is 
formed, lliis iodide is redissolved by an excess of potassic 
iodide, or by one of corrosive sublimate : with die iodide it 
forms a soluble double salt (KI, Hgla), and a similar double 
salt with corrosive sublimate (Hgl^, sHgCy. 

258. — Heat a little of the mercuric iodide in a dry test- 
tube : it will melt and sublime, and condense in yellow crystals. 
Shake out the sublimate upon a piece of paper, and draw a gkiss 
rod firmly across the heap ol"* crystals; a scarlet colour will be 
produced. 

This diange is brought about b)’ ‘the ’ conversion of tlie 
yellow rhombic plates into a dimoiphous red octahedral form 
by the molecular disturbance occasioned by pressure. 

Tests far Mcreury.^h\v the salts of this metal are vola- 
tilised by heat They are all reduced to the metallic state, 
whether soluble or insoluble, by being boded with an cxeyss 
of stannous chloride. If a slip of copper be boiled in a 
solution of a salt of mercury, it becomes coated with a white 
amalgam ; and if ^ the copper be heated in a small tube to 
redness, globples of mercury are driven off, aiivl condense 
upon the sides. Mercurous salts give a black precipitate 
with sulphuretted hydrogen ; a white* consisting of calomel, 
with. a soluble chloiidc ; and- this white precipitate is black- 
ened by the addition of ammonia, but is not redissolved by 
it. It is soluble in chlorine water or in boiling nitric acid. 
Mercunc salts give a yellow j»ecipjtate with solution of 
potash, and a white one with ammonia ; with sulphuretted 
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hydrogen a white, j^assing through brown^h-red into hhdk^. 

'I heir reactions with potassic iodide havi? been already 
noticed* 

(64) 2. Silver ; Symk Ag ; Atom. Wt tbft—This 
beautiful metal has been known and prized from tj^e^arliest 
ages. It ii5 found commonly in the native state, and almo>st 
invariably accompanies galena in small quantity, ift the form 
of sulphide. Mercury is used on a large sqale for dissolvmg 
metallic silver, and separating it from earthy other ini* 
purities, but the metallurgic processes by which silver is 
extracted are somewhat elaborate, and are described in the 
text book on ‘ Metallurgy/ 

Silver has a white colour, with a tinge of red. It pos- 
sesses considerable tenacity and malleability, so that it may 
be drawn into very thin wire, and Immmered into leaf. It 
is softer and more fusible than copper, and requires a tem- 
perature of 1023® C. for its fusion : though it is scarcely 
v'olatile in ordinary furnaces, it may even be made to boil 
under the very intense heat of the oxyhydrogen jet As a 
conductor of heat and electricity, it, is unsurpassed. It does 
not become oxidized at any temperature ^ but it has a sin- 
gular power of absorbing, oxygen when in a state of fusion, 
and giving up the gas suddenly wben it solidifies. It com- 
bipcs slowly with •chlorine, bromine, and iodine. Its attrac- 
tion for su}i)hur is very considerable ; the brown tarnish that 
.silver acquires by exposure to the air iis due to the formation 
of a thin film of argentic stjjiphide, in consequence of the 
agtion of the metal on tl)e traces of sulphur<itted hydrogen 
occasionally present in the air. This tarnish may be removed 
by rubbing the surface with a solution of potassic cyai^ide. , 
Nitric acid is the besf solvent for silver j but it may also be 
ilissolved by boiling sulphuric acid, with escape of sulphurous 
anhytlride. ■ 

Silver is seUlom used . alone, as it is too soft to resist 
wear ; but ^ben alloyed with either 7^ or 10 per cent 
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of copper, It is en^nsiyely 

mauuiiacture of plate, « Whe» a lirfft layer of silver is applied 
to the surface of coppci* i^^^eel articles, it iurnislies what 
are called * plat^ goods,^ ' MibpW for are plated, 

as fronots hijgll tore sih^r funaishes the bW^^^cting sur- 
face forlhfeh' pur|)oses. 

Ejip, 25a— DiS^lve a sixpenny-piece in nitric acid. The 
soltttion jias a Waish colour, owing to the presence of the copper 
which is always added before coln!tig,ibr the purpose of harden- 
ing the haetal Dilute the solution u 4 th 200 c, c. of water ; then 
add a solution of edhVinon salt so loiig as it forms a precipitate : 
while ikheis of argentic chloride iure formed J>ti3r-the inixtuie 
briskly with a ghtss rod : the precipztiate will cplledt. Into clots^ 
AgNOj + NaCl KaKOj :*• AgQ. 

Filter the solutioru The presence of copper may be proved in 
the claar liquor hy adding anunoika in C3«:ess to a portion of the 
liquid : a blue sedutipn is formed 

26oe-^PhiiCe the 1:>k^ of sl knife, in another portion of the 
fltraie: it will become coajed .wHh^m^ . 

£jp, 26!,--Take^ the precipithipd argerttfe chloride obtained 
in Exp. 259, and after having washed it well bn a filter, place it 
in a lest^glass with, a Jidte water; adjj^^wo br three drops of 
sulphuric acid, and themyi^ve a' slip Sane in contact with the 
chloride, and’^kave it for twenty-four hours. The chloride will 
be reduced to metallic silver, which will have’ a grey porous 
aspect, while zinc chloride will be found in^utton. Lift oi^t 
the piece of zinc carefotiy; .wash the silver first with water con- 
taining a little sulphuric acid, thei^ wtih pure wat^^ Dry the 
residue. , PUcq quantity of it ^pon an aiiyih and strike 

it a blow a hammer ; a buAished 
produced Tiace a ^ ppwdiSr charoo^, and 

heat it tlie fiartk of the blowpipe : it Will becodte melted into 
a brilliant timjlegtble bead Dissolve ar;?ther portion in nitric 
acf^: rod ci nitrogen peroxide escape, ahd argentic nitrate 
Is obtained m solutiaii. 

Silver ^emgs to of 'fopnads ; it foi^ pttty one 

oxide of pmctical iinay be obwited 

vs abrbwn hydrate by to a solution 
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of argentic nitrate* An excess 'Of ppto^ tioes nb]t rcdis- 
solve it ; but it is easily di^soi^i^ed iy an excess of aji^onia, 
Odier oxides (Ag40 and sAgsrO*) arpi however, , 

The most impwtant soluble salt of silver is the ^^dte 
(AgN03), !wbi<^ ctystallises in colourless Anhydrous tables ; 
it melts at a moderate h€;p,t, and when 
sticks forms the * lunar caustic * of the su^bti; jfflils salt is 
readily decomposed by the action of oipmc titetter, bspe- 
daily when exposed to ii^ht ; hence it is tisedl for the^ pre- 
paration of ink for marking on linen, af the stain cannot be 
removed by washing wsA soap. If it ifi^ upon the skin, it 
blackens it A strong seJution of potassic iodide, or of the 
poisonous potassic cyanide, will remove these stains from 
the skin, or from linen. 

The sulpMde {h%S) often occurs ’ naturally, mixed with 
lead sulphide in small quantity- It may also bfe. precipitated 
as a black hydrate when any silver salt, soluble or insoluble, 
is exposed to a solution of sulphuretted hydrogen. .1# 

The (AgCl) is white, insoluble in water and in 

nitric acid, ty&n X botling, but freely soluble in ammonia. 
If heated to redness, it melts intp a horny-looking mass. The 
predpitated chloride becomes a dark purple colour when 
exposed to the light, owing to ihe l^jiination ^ a subchloride. 

The bremidi (AgBr) is white, insoluble in water and nitric 
0cid, and spatixlgly soluble in ammonia. 

The iadide (Agl) is of a pale yellow, and is nearly in- 
soluble in ammonia. « . 

The chloride, bromide, ^nd iodide of sflyer may be xe- 
to the state of metallic silver by fusing thi^ in a 
clay crucible with tolf their weight of d^ sodic/^boi^^. 
For example — ^ . 4' , # ' • 

4 AgCl * 4 - sNa^CO^ wc 4 NaCl -f sAgi + sCOi O# 

They am all soluble in a solution of sodiG hypo^ilphl^^^ and 
form an intensely sw^t sblutioh with it ^ca eajpj^!^ to 
light in the presence of a^enidc nitrate and some Organic 
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matter, they undergo chemical changes which fonn the bask 
of the common processes of photography. 

The formation of the chloride, bromide, and iodide of 
silver, and the properties above described of these com- 
pounds, &rnish ready tests for the presence of silver; but 
the phosphates, chromates, oxalates, tartrates, and citrates 
all form insoluble precipitates with salts of silver. Copper 
placed in a solution of silver nitrate or sul^^hatc separates 
the silver in crystalline plates; zinc also reduces the salt, 
as does also a stick of phosphorus ; but the most beautiful 
effect is produced by adding a few drops of mercury to a 
solution of silver nitrate containing 5 or 6 per cent of the 
salt A beautiful crystallisation, known as the * silver tree,’ 
will be formed in a few days. 

3 - Gold ; SyndK Au ; Aim. Wf. 196*6.—- This 
valuable metal has been known from the earliest limes, for 
it is found in small quantity in almost every countr>% and it 
always occurs in the native state alloyed with silver/ gene- 
rally in a proportion varying from 4 to 22 i)cr cent Many 
rivers contain it in their sands. ,in Australia the gold is 
associated with quartz and and in California it is 

found in the detritus of fiuartz and granite^ Gold is ex- 
tracted by a thqphanical^ process of washing, and afterwards 
dissolving in mercury such portions of the^ gold as are in 3 
very finely divided state. The mercury is afterwards dis- 
till^ off, and condensed again for use. 

Pure gold is of a rich yellow colour and high lustre ; it is 
nearly as soft as lead. It is very ductile, and is the most 
malleable of tlfe metals, so tliat it may be hanamertfd into 
leaves 11,200 of which would not be thicker than i railli: 
metre, or 280,000 would, not exceed an inch in thickness. 
A leaf of gold, attached to a pane of and hekl up 
between the eye and a light, will allow ag^n or puiple light 
to pass throng Gold leaf is Extensively used for , gilding 
on wood, papier macinf, and to the surface of which 
it is attached by means of an adhesive vaniish. 
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Gold fuses at about 1100® C. It is scarcely volatile in the 
furnace, but in the •intense heat, of the o^yhydrogeu jet it 
niay be dissipated 19 puipje vapours. Sulphuric acid does 
not attack it ; neidier does the nitric or the hydrochloric 
acid separately, but a mixture of the two liberates chlorine, 
and this gradually dissolves it, formiiJg a yellow solution, 

Exp. 262.*i— P lace a little gold in two test-tubes ; to one 
add nitric, to the other hydrochloric acid. Even when heated 
with the acid the gold leaf remahis unaffected. Pour the con- 
tents of one tube into the other : the gold will disappear with 
effervescence. Evaporate tlus solution in a small porcelain 
capsule till the acid is nearly all driven off : auric chloride will 
be left. i 

/:>/>. 263. — Dilute the solution with ^or 4 c. c. of water. To 
a portion of this liquid add a solution of ferrous sulphate: a 
brown precipitate of finely divided reduced gold is obtained, and 
ferric chloride is formed — 

6FCSO4 + 2AuCb « 2 (Fc 43S04) -f Fe*C 4 + 2Au, 

This is a corhmon mode of separating gold from its solutions. 

Add to another portion of the auric chloride a solution of sul- 
phurous acid : on wamting the mixture gold will be precipitated—- 

2AiiClj + 3 H ,0 + 3H,SOj - 6HC1 + sH^SO* + 2Au. 

A solution of oxalic acid will have » similar effect— 

2AUCI3 3H,C,04 - 2Au + 6Hq 4 6CO„ 

carbonic acid bciqg produced. 

All these liquids look purple when viewed by holding 
them between the eye apd the light, owing to the trws- 
parency of the finely divided gold. 

^Gold in its pure state is tdb soft to be u^d for the pur- 
poses if coin or plate. It is harderftd by alloying it with 
about a tenth or a twelfth of its weight Of copper. Gold is 
usually triad in cqmCination ; it however foftns two oxides 
(AUiO and AujO^), but theyure seldom prepared. The fri- 
chionde (AuCy, obtained by dis|$olving gold in a mixture of 
nitric and hydrochloric acids, as above directed, is the most 
important compound of the, metal. When heated gradually 
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to about 175^ it wd 

(AuCl), a pale yellow^'! S|mi«®fy solttbI^^ ; and by 

a h=^t below all chloriue a ik{ielfed, and me- 
tallic gold is left, ' 4 of the tridhloitde is easily 

by ,/<nganic ^4^ It ^tSjSm the skin and 
other 0ig^ic js^bsta^n as white sflk* of a purple 

colour. I^^.folution is |eduded to the metallic state by 
many metals, such as copper, m^cuiy^ «iron^ and sine, as 
well Sis by l^osphoniS, and by several other imbstauces. 
Staimpus ddondei .kf added < to its solution in quantity not 
sufficient to reduce the whole of die gold, gives a fine 
purple* kuown as purple of Cassius (AuaSn^Os, 4H*0). It is 
used for colouring tlie ruby glass of Bohemia. 

(66) 4. iPtATiNO!^ ; Symb. Pt ; Atom, WU 1 97.— -This is 
a liard, tough, white metal, a good deal resembling silver in 
appearance, with which in earlier times it appears to have 
been confounded* It is the densest substance known, 'except 
osmium b;nd iridium, which accompany it in its pres, and are 
equally dense. It may be drawn into very fine wire, and 
rolled into tiiin foil On account of its great infusrbility and 
its power of resisting all acids except a mixture of the nitric 
and hydrochloric, it is extremely valuable to the chemist, as 
it furnishes him with A^ciblesond other apparatus in which 
he can in most cases where accuracy is inquired fiise ailvl 
heat the various , l^ies objected to analysis. It is also used 
as the negative metal in Grove's voltaic battery. 

Platinum is of comparatively jare pcmtence. It is found 
in metalpc grains, scunerimes assmeiated with gold,^ sihlr, 
cQpp^ iton, and ]ead,Vit it is abnost always accompanied by 
c€3^ji other mcta^^^, which am ncvwr ^iind without it, viz. 
palk^m, o^hinv indium* rhod^, and rutheilldm. 

On account of extreme idferibility of it re- 

qttiires a pi^liar ^ complicated mode of trearinent The 
ore is imted firijt with tdiric acid, to dissolve out the comtfiorl 
mei^als ; died and treated with hydrochloric acid. 
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and again washed 5 after which’ iim residtee is digested at a 

very high texnptemtmt in 4 paat$idf hjwlrpddoricacid, to whijdli 
about I part of nittic add is added iitSe by ^VhCfi , 

nothing more is disse^«^, the add iig^or is decattfedt Wd 
mixed with a stn^i^^4»>kttioh ef the 

platinum is thus precipitated as a ydW dbtible chloride of 
ammonium oM TOsJs washed 

then heated j the Wfeate* Of the amthOnia ^d ailorine 
are expelled, and the pladnum is ieft as mass, 

^ commonly known as spoingy piatintim^ This Vlheh ptessji^, 
and forged at a high heat into bars^ or ][>iatcs, which are 
afterwards hammered into di^es or vessels, rolled into 
sheets, or drawn into wirel This method is now, however, 
gradually being displaced by a mode of melting the ore by 
means of the oxyhydrogen blowpipe. 

Platinum, if heated alone, does not combine with oxygen 
at any tempeAture, but it becomes slowly oxidized if heated 
with tlie caustic eartlis or alkaliea It alloys readily tf ignited 
with lead, tin, bismuth,^ antimony, or any of the more fusible 
metals, which would melt a hote in a platimum crucible if 
heated in it 

Platinxfm belongs to the group of tetrad metals. It forms 
two oxides (PtO and BtOz}, They both correspond to salts 
of tlie metal, but these are s^om pi^epared- Platinous oxide 
(IMO) is soluble tn a solutiteof potash, furnishing ^ d^rk 
olive-green liquid ; and the alkaMes also comlane and dissolve 
^platinic oxide (PtOa)- • 

There are two chlmi^eSt Chloride {PtCl4) is the 

salwobt^ed by diss^vii^ pbtmum in a mixture of hydro* 
chloric and nitric aci^ and evapomting the aplution to dry- 
ness at xdt? C It is^an bmnge^coloured deSquescent^gn^ • 
stance. If heated for soroe to about itltisci 

half its idtlorine,. and becomes converted into the oliye* 
coloured tnadlttble pladmus chloride (PtCl2)/ a heat 
below re<^ss the whofe of the chlorine is; driv^ oSj fimd 
metallic platinum is ■ BatiniC chloride Ibflha ' double 

salts with the chlorides of the alkali metals \ that w'ith potas* 
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sium (2KCI, PtCl4) forms yellow octaliedra, insoluble b 
alcohol, and nearly so in cold water. The ammonium com- 
|;ound (2H4NCI, PtCl^) is commonly employed to separate 
platinum from its solutions. The sodium salt (aNlaCl, PtCl4, 
6H;jO) is soluble, and crystallises in long red needles. All 
these salts are decomposed at a red heat : metallic platinum • 
is left, and by w'ashing may be obtained free from the alkaline 
chlorides. 

Solutions of platinic salts are not reduced by ferrous sui- 
))hate, but they are so by mercurous nitrate, whtdi precipitates,, 
finely divided metallic platinum. Oxalic acid does not re- 
duce them, but a solution of a formiate will, if heated with a 
neutral solution of platinum, cause the metal to be sejiarated 
in a powder. 

5. FaJhdiutn is a white metal, nearly as infusible as pla- 

tinum. It forms a brown solution when dissolved in nitric 
acid. ^ 

6. Rhodium is a very Iiard white metal, very difiScult of 
solution, even in, the mixture of nitric and hydrochloric acids. 
Its salts are of a beautiful ro.se colour. 

7. Osmium occurs in extremely hard scales alloyed with 
iridium and ruthenium. When heated b a current of air, it 
becomes oxidized, and gives off a remarkable volatile oxide 
(OSO4), which has a peculiar pungent smell, and is freely 
soiubfe in water. Osmium is the least fu5flble of the metals 

8- accompanies osmium in tlie ore of platinum, 

and is sometimes found nativo and nearly pure. It is a 
white, very hard, and brittle^ metal, which femishes three 
oxides* They pass ^readily one into the other, an^ fttawsh 
salts which differ in tmt ; hence the name Iridium, from 
/>7J^.the rainbow. ^ 

9. Rtiifumum is a very hard britde metal, scarcely fusible 
before the oxyhjfrdrogen blowpipe. It absorbs oxygen at a 
red heat, and yields sewaJ oxMes. 

'Fhese metals last mentioned are found, m small quantities, 
accompanying the ore of platinum ; but they are so rare as 
not to need further description. 
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This tendeincy of gases to mix may be shown in a still more striking 
manner by the following highly instructive experiment. Adapt to owe 


Fig. 21A. 


end of a glass tube, about 1,000 lum. 

Jong and lo mm. wide, by means of a 
well-fitting cork, a short circular porous 
cell, such a$ is used for galvanic bat- 
teries j cover the cork with a layer of 
sealing-wax. Support the tube in an 
upright position, with the open end 
dipping under water, and invert a glass 
bell jar over the porous cell (hg. 2IA). 

Now pass up hydrogen into the jar : 
immediately gas will escape from the 
open end of the tube; the hydrogen 
]>as$ing more rapidly through the sides 
of the porous cell than the oxygen and 
nitrogen (air) can pass out, thus forcing 
these latter out of the tube. So soon 
as the bubbles cease tp escape remove 
the^jell jar : the water now rises in the 
4ube owing to the rapid diffusion of the 
hydrogen into the atmosphere. • 

By the aid of this apparatus the studeiit can invcsugaic for himself the 
pheQgmena of diffusion ; he will liiSi that whenever tjie porous cell is 
surroimdecf by a gas lighter than air, bubbles wfll escape from the tube ; 
when surrounded by a denser gas the water will rise in the tulie, the rise 
being strictly pjoiioriional tb the *lensity of the gas. y 
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Detection of Nitric Acid or Nttre^s^ ' ^ 

£x/>. 93.' — Add to a fragment of a nitrate in a test*tube a few SGra]3S 
of copper and pour on it thiee or four drops of sulpburie acid. Heat 
the inixiurc gently ; red fumes will be given off, and may be distinguished 
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readily, even wlien very small in amount hy locking through the tul« 
obliquely over a sheet of white paj^rl ^ ^ 

The sulphuric ahid decomposes the nitrate setting uttrtc acid free ; 
and this in its turn is decomposed by copper with formation of nitric 
oxide, which unites ^rith the 03Q!gen A the air to form the red fumes of 
nitrogen peroxide. " , 

94. •^Dissolve a cr^'stal of a nitrate in a little water in a test* 
tube i now add carefully an equal volume of concentrated sulphuric acid, 
cool the mixture perfec^y, then pour in a cold solution of ferrous syl* 
phatesb M to form a .layer above the acid mixture. A characteristic 
dark brown ring ivill be formed at the line of contact of the liquids. 

In this cseiie the sulphurie add on the nitrate, juoducing nitric 
acid, which is deoxidised by the ferrous sulphate, nitric oxide, feme 
sulphate and water being formed*^ 

HaSO^ + KKO, « HXO3 + KHSO^ 

2HNO3 + 3H,SQ4 + 6FCSO4 « 2HO 3*^04 "J- 4OH,. 

The brown ring is a soUttion of thc' nitric oxide in the excess of fer» 
rous sulphate, as the following experiment proves. « 

95. -«’Introdace concentrated solutions of about dve, grms. of 

pota^c nitrate and 2 $ grms. of ferrous sulphate into a flask dosed by a 
cork through which a bent tube and tube funnel are passed (fig. 22). 
rpur in about eight grms. of sulphimc add through the funnel and wann 
gently r a gas is evolved (nitric oxide) which forms red fumes with the 
oxygen of the atmosphere. I’uss the gas into n cold solution of ferrous 
sulphate : a dark brown solatiou is obtained. Afterwards pass the gas 
through a warm solhtKm of fei^rdus sulphate ; the nitric oxide does not 
dissolve in this com, and, if protected from the ^ir, the solution remains 
€olonr1esa» |hu$ :|iipoving the necessity of employing cM solutions {Ihen 
testing for nitric ^ 

‘il4 < 

Water decomposes nitrogen per^ dide, fbrmii^ nitrous and nitric acids— 
t ^ HNOj. , • 

Anhydride (N,0^).—0wing to rim fact that this body decom- 
poslk ^ontaUkpusly it is extremely diScUt to prepare. It has been 
obtainW by decomposing silver nitrate with chlorfne-*- 

2AgN03 4- CI3 “* ^4,05 4 lAgpl 4 0. 

lintric anhydride is a ctyatallme sf^Hslance, which is oenverted 

by wat^ into nitric aisy— ' - , / 

NA 
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Tlie formation of potassic chlorate by the action of chlorine on ihebot 
solution of potash is at * onoe expkinwt by the fact that on heating a 
solution of potasslc hypochlorite ii splits up Into potassic chlorate and 
potassic chloride — 

3KCIO KCIG3 + aKCl 

P<ige 139 

.Anhydrous hydrofluoric acid has beeh obtained by strongly heatjng 
the compound (KF, HF) in platmum vessels* when it breali vLp into 
potassic fluoride and bydroflncric acid. The latter is condensed in a 
weli'cooled receiver, to a colourless, transparent, mobile ^’luid, which 
boils at ft9'‘40^t and does not attack glass, provided all mSstnre be ex- 
cluded, 

Pagr 146 

Whereas bleaching by chlorine is generally a process of oiddation, 
‘bleaching by sulphuious acid is always a process of redaction ; chlorine 
dccomjxises water, setting free oxygen ; sulphurous acid in the presence 
of a body prone to take up hydfc^cn decomposes water, setting free 
hydrogeui itself combining with the oxygen^ 

Cl, + H ,0 =» O + 2HCI. 

H,S 03 + « H; + HaSO^. 

The bleaching is therefore in both cases usually the result of a secondary 
reaction. 

Page 149 

The following equations represent the ret^iHoi^ which occtir in the 
process-^ ^ ' > 

• aFeS, + .nO « FejO, + 4SQ,. 

SO, 2HKO3 « H,S 04 f 2NO,. 

NO, + SO4 + H ,0 • « H,S 04 + 2Na 

NO 4 * O -* NO,. 

TheWiitri^ peroxide in contact with water and SO, is jgain reduced to 
nitric oxide, &c. , ' . ^ 



QUESTIONS FOR EXAMINATION.- 


1'he following questions have been framed in accordanoe 
with the Syllabus issued by the Science and Art Deparcment 
of the Committee of Council on Education, unrler the head * 
of * Inorganic Chemistiy. First Stage or Elementary'Course 
— Second Stage or Advanced. Course,* pp. 90, 91. 

The student will do well to exercise himself from time to 
time in answering these questions without reference to the 
text; and the general reader will find his knowledge of 
Chemistry become much imjiroved by adopting the same 
course. Should he not be able to answer any particular 
question, he will have to refer to the page,, of the book as In- 
dicated in the right-hand colurnn, but he is recommended 
not to write lus answer immediately, but to wait until he has^ 
thoroughly mastered the text. The answer should as far as 
])ossible be given in the student*s own language, no^t in 4 }iat 
of t!ie book. * 

Teachers who prepare their lectur<5? from this book, are 
recommended to set their pupils a number of these questions 
the day after each lecture : the answers are to be written in 
full, and marks given to each paper. Those pupils only who 
thus acquire a certain number of marks should be allowed 



Questions for Emmination, 3^7 

to compete for the prize or prizes af the end of the term 
or half-year. « 

The 1 eacher can easily frame other questions on the text, 
and he is recommended to exercise his class in the use of 
chemical formulje and the numerical statements connected 
•therewith, the measurement of gaseous volumes* the con- 
version of Fahrenheit into Centigrade degrees, the use of the 
metric system, &c. 

c. r.* 


' KS r. 

1. Give a clefinilion of Cliemistiy . , . .2 

2. \Vliat is the cUnereace between a simple and a compound 

body ? . . . . . . *2-5 

3. What do you mean by the words analysis and synthesis ? • 3 

4. State some of tlie different modes of chemical action . 4 

5. Write out the symljols of the non-m.etaUic eiaments with 

their combining weights . . . • S» ^ 

6. Do the same for the metals . , . • 5» 6 


7. Describe the tUffereuce between combining weights and 

volume weights . . • . 196-8 

^ Explain the equsition CuCO^ + 2HCI CaClj, + HgO + COg 
and write out the combining niimliers for each element, 

^ H representing one gram of hydrogen . . .8 

9. What is the length in inches of the French metre, or unit 

of length, the decimetre being 3*937 inches? . . u 

10. ^ Using the same figures (but ^ding cyphers whyre neces- 

^ryjj, write out the value in inches of*tlie decimetre, the 
centimetre, and the millimetre. Also the decametre, 
the hectometre, the kilometre, and the myriometre . • 9 

11. Wliat is the weight of a gram in grains English? and, if a 

gram be represented by i *0, how do you write a deci- 
gram, a centigram,^ a milligram, a hectogram, a kilo- 
gram, and a myiiogra^ ? ri 

1.2. How many cubic inches does the litre contain ? Also hqw 

many pints? . . . . ' • . . ro 
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Qmstious for Examination, 


Ql/SST. • ; 

13. Using thesaine figures th^t express cubic inches or pints, 

give the decalitre, the beUtolHitj, the kiloUtre, and the 
myriplitre. Also the decilitre, the centilitre, and the 
millilitre . v , . , , lo 

14. What is the weight of a cubic metre of water? * » 11 

15. The formula for converting degrees' bn Falprenheit’s scale e 

to corresponding degrees on the Ccntigi^e scale is 
32)=C.® ; and for converting Centigrade to 
Fahrenheit, 32 * F*®, Convert 1 12®,'.45®, 37®, and , 
2 i 4®F., into corresponding degrees on die Centigrade 
scale . . . . , , . — 

16. Convert 9°, 84°, 95® C. into F.® . , . . — 

17! Convert -*•7®,— 4$®, — 39® F. into C.® . . . 

18. Convert —17®, — 30®,— 8® C. into F.® . , . — 

19. Give examples of the three states of matter . .12 

20. Which of the elements has never been melted, and whot 

gases have never been liquefied ? , . , . 13# 

21. I low do you distinguish between mixture and combi- 

nation? . . . , , 13, 14, 

22. Is atmospheric air a mixture, or a chemical compound ? i 38 

23. Write down the symbol, atomic weight, the atomic 

volume, the specific gravity, the relative weight, the 
molecular weight, and the molecular volume of oxygen . 19 

24. Show how you get from 245 grams of |X)tassic chlorate, 96 

grams of oxygen , . . , . .21 

25. How many grams of oxygen are there in i,00O grams, or 

1 kilogram, of potassic chlorate ? . . . — 

26. Explain aome of the properties of oxygen ^ , 22*28 

27. 50 cubic centimetres of a gas are measured at 10® C. ; how 

much wiU it measure at 24® ? . , ,2^ 

2$. 30 cubic centimetres of /a gas at o® C. are moored at 730 

mm. pressure j what h its^volume at 750 mm. the tern- 
peratmt be^ihe same,? . . . « 2f , 29 

29. I meaiutre ioo eul^c ^ntimetres of a at. 12® C* ; the gas 

* is heated imdl it becomes H5<^bii^eentimetres. What 

is the tl«i u^er these altered con- 
ditions? ‘ . 4 • 28 

30. A litre of gas U measured C- and 730 mm. What ts 

its volume at th^ standard pressure and temperature ? 28, 29 

31. Correct for temperature 50 cubic ceiltunetres of gas mea- 

sured at 5® C. • • , f > #28 
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32. Correct for px-essuie 18 cubic centimetres pf a gas at 0 *^ 0 . 

and 730 mm. 1 , 28«29 

33- What is. the difference betweien the specific gravity and the 

relative weight of a gas? . • . . 29-30 

34. What is the difference between an acid and an anhydride ? 31 

35. What is the usual test for an acid ? — ^for an alkali? . 31 

36. What is a base ? . 4 , , , * 3 * 

, 37. State the difference Ixetween an acid- ending in otis and one 

ending in /V, and between a salt ending in and one * 
ending in . * . . . .32 

3S- Explain this equation ; H2S04 + 2KH0~KaS04 + 2Ha0 32 

39. Stale the difference between ferrous oxide and ferric oxide, 

ferrous sulphate and ferric sulphate . , - 33 

40. What is ozone supposed to be? Name a test for it, and 

describe its properties . • . . . 34-36 

41. W’hat is the spccihc gravity, relative weight, and molecular 

weight and volume of nitrogen ? . . -3^ 

42. iiow is nitrogen prepared ? and describe its leading pro* 

perties . . . . , . 36 ^ 

43. When limcwater turns milky in the presence of atmospheric 

air, what does that show ? . . . *39 

44. What is the weight of a Ktre of dry air at the standard 

temperature and pressure ? , . , -39 

45. What are the accidental ingresdients of the atmosphere ? . 40 

46. What is the symbol of water; its atomic and molecular 

weights ; its specific gravity at 4^ C. ? Ihe specific 
gravity of ice and steam ? The relative weights of water- 
• gas or vapouf, and its atomic and molecular volumes ? 41, 44, 65 

47. State some of the methods by which water is decomposed 

* and hydrogen collecttfd, and what becomes of the 

oxygen . . ^ , . 4*’-44 

aH, How much steam does a litrdlof water at 100'^ C. produce? 44 
are the fixed points in the thermometer dttermin^d) 
and what precautions must be taken with respect to the 
boiling point? . *^45' 

50. Describe some of the physical properties of watef ^ • 43 

51. What takes place during the cooling of water, and what is 

meant by the point of maximum density of vtetw ? . 47 

52. V/hat is the fireezing pednt of water oti the C. and F, scales? — 

53. What is meant by the specific gravity of a sblid'^^ld, for 

example? . . . • ^ * 47 


V 
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54. How 19 pure obtained ? . ® . *47 

55. Name some of the impurities that occur in water, and how 

, they are detected . . . . 49-52 

56. What is the difference between hard and soft water ? . 53 

How do you disiin^ish between tiie temporary and the • 
permanent hardness of water ? , • , . 53- 34 

58. ' Descril>e Clark’s soap test . , , . *54 

59. What is meant by a saturated solution ? . . • * 

60. In the formula NayCO;!, loIIaO, what is the loHgO called 1 57 

61. Describe (he difference between an clllorcscent and a de- 

liquescent salt j also between a hydrated and an anhy- 
drous salt . . . . . *57 


62. Describe,the processes for obtaining hydrogen as represented 
in the following equations t 

3Fe 4 4HaO« Fe-^O^ + 4H2 ; H^SO., + Zn ZnS04 + Hj, 59,60 
63 Describe some of Ihe properties of hychogen . 6u, 6r 

6.4, WKat is meant by collecting a gas by displaccnient ? ,61 

65. How ^are gases dried ? . . . • 01 • 

66. What is meant by the mixed gases ? , .61 

67. Descril>e some of the methods of showing the composition 

of water by Synthesis, sucli as by die* use of tlic 
Cavendish apparatus, fig. 17, and the hiuUoincier, fig. 18, 65 

68. Describe the oxy-hydiogen blow-pipe , , -67 

69. Give some account of diffusion . . . . O9 

70. Why is hydrogen selected as the c\r .standard of com' 

parison iot atomic weights and combining volumes ? 70, 1^5 

71. What is meant by a gas volume ? . , . 70,197 

72. The CriiA being the weight of Iclitre of hydrogen at o® C. *** 

and 760 mm. prc.ssure, what is the weight of jolitres, 
and also of a cubic metre qg hydrogen ? . , * — 

73. What is «.the tej^tive weight of oxygen in critjjs of * 

chlorine ? of hydrothloric acid ? of ammonia ? , 

74. , What is the weight in criths of 4 cubjc metres of hydriodic 

acid, nxid also of ammonia ? , . — 

75. What is meant by a monad, a dyad, a triad, and a tetrad ? 

and give examples , . . , *72 

76. Explain the terms univalent, bivalent, terv&lent, and quad- 

: ri valent elements. Also perissad and artiad elements . 72 

77. Wliat is a hydride? . , , ' * 73 
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QUEST. 0 

78. Write do\vii ■ the symbol, atomic weight, atomic and 

molecular volume, specific gi'avity, and iclatiye weight 
of carbonic afeihydride . . . . , » 73 

79. What do you understand by the term carbonate ? , -74 

50. Explain the equation CaCOa + 2 HC 1 »?» CaCl3 +H2O + COa 74 

51. Describe some of the properties of carbonic anhydride . 75 

$2. How do you collect this gas by displacement, and how 

, does tlie process <lifrer fi oin tiiat for collecting hydrogen ? 76 

S3. Show the composition of carbonic anhydride by synthesis 80-81 

84. How is carbonic anhydride disposed of in the atmosphere? S3 

85. Describe some of the varieties of carl >011 and their properties 84 

80 . What is meant by allotropy? . .02 

87. How is carbonic oxide prepared ? . . ‘ . 93 * 95 

SS. AWite in double columns the different properties of car- 
bonic anhydride and carbonic oxide, such as 

COy is CO is 

non-inilaniy^able infiammable 

and so on , , 73-84, 93-9O 

89. * What is the axis of a crystal ? . . . .98 

90. What are the systems under which crj’stals hre arranged ? 

and give an example of each , , . IOO-I03 

91. Descrilic the terms amorphous, dimorphous, and isomor- 

jdious 103, 140 

92. Explain the formation of nitric acid from nitre Oi* from 

sodic m Irate . . , , , 105 

93. Give an ex.ample of double decomposition . . ro6 

9^. Describe die pfoperties of nitric acid . . 107 

95. What is the difference bet^veen KoOr, and IINO^ ? 109 

*96. Describe the process for obtaining nitrous oxide, %Ad state 

some of Its properties . . . ; .no 

97. ^ Explain 3CU + 8HNO.,«s3 {tiuNOg) + 2NO + 4H3O . 1 1 2 

9S. Wttat is nitric oxide a good test for ? . . 112 

99. What is the acid in nitrite? and give the formula for it 11^-114 

too. Give a list of the chemical compounds of aud 

oxygen, and state why atmospheric air iS not included 
in this list ..... 104, 38 , 

xoi. What is meant by multiple proportion ? . , . . 194 

102. Wril;e down the symbol, atomic weight, atomic and 
molecular volume, specific gravity, and relative weight 
ofammoniacal gas . . . • .114 
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X03. Describe Ihe process for collecting and drying ammoniacal 

gis ..... . 115-116 

104. Describe some of the properties of ammoniacal gas 116-117 

105. How much of this gas does box- wood charcoal absorb ? . 1 17 

106. At what temperature does ammoniacal gas become liquid ? 

also solid 1 . . . . . .117 

107. Wliat is the difference between liquid ammonia and liquor 

ammonue? . . . . . - 

108. Wliat condensation lakes place when nitrogen and hydrogen 

combine to form ammoniacal gas ? . . .119 

109. Explain the follovvuig equation : MnO^ + 2NaCl + 3HySOj 

~MnS04 + NaIIS04 4 2liaO + Cla . . " . 120 

uo. Also Mn02 + 4HCI~MnCl2 4 2llo(; + C]2 . . 121 

111. Describe some of the leading properties of chlorine, and 

why it is called a halogen . . . 120, 121 

1 12. Wliat are the other halogens, and what is their 

atomicity? . . . . . 120, i.;jo 

113. What is the bleaching action of chlorine ? , . .123 

1 14. How is hydrochloric acid directly formed, and what Is its 

relative weight ? . * . . .123 

1 15. Explain NaCl+HsSO^-HCl + NaHSO^ . . 125 

116. WUiat is the analytical method of showing that H and Cl 

are present iu hydrochloric acul gas ? . , • *25 

117. What tests maybe used for the detection of hych*ochloric 

acid and the chlorides ? . , . . 12S 

118. Give a list of the compounds of cldorine and oxygen . 129 

119. Show, by means of precipitation, the difference between 

potassic chlorate and potassic chloride . , . *130 

120* How is bromine obtained? < . . , .132 

‘121. Compare hydrobromic with hydrodiloric acid . 73,140 

122. W’hat is the acid in argentic nitrsAe? and what takes place 

when its solution is added to a weak solution of pobissic 
bromide? 134 

123. Give some numerical data respecting Iodine . • *34 

1 24. When a solution of starch is added to one of potassic iodide, 

the characteristic blue colour is not produced: why is 
this? .•..••• 136 

125. W'hai is the symbol, atomic and molecular weight, mole- 

cular volume, specific gravity, and relative weight of 
hydriodic acid ? • • • • > 137 
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1 26, Explain the equation Plr, + 411^0 ^ H^PO^ + 5HI . 1 37 

127. Compare hydrioclic acid gas with ITCl, HBr, and HF 73, 140 

12S. What are the properties of HI? • . . * 13^ 

129. What arc the symbols of iodic and periodic acids? . 138 

130. Why cannot you dcsciilie the properties of fluorine? . 138 

131. Explain this equation : CaFg + HSj>04«CaS02 + 2HF . 139 

132. What is the most remarkable property of hydrofluoric acid, * 

• and how may it be exhibited? . , . 139? 174 

133. Explain this equation : SiO^ + 4HF«SiF4-f- 2HyO , 139 

134. Wliat is meant by the term dimoi-phous ? and give an ex- 

ample . . ■ . . . . . 142 

135. Describe some of the properties of sulidinr, and state its 

allotropic modifu-ations, and how they are obtained 141-143 

136. Are roll sulphur and flowers of sulphur allotropic iXiodifica- 

lions? 144 

137. Give some of the leading datatespecting sulphurous anhy- 

dride 145 

1 38. Explain the equation : 2PI2SO4 Cu CUSO4 '*^^2 + ^H^.O 145 

1 39. 13 cbcribe some of the properties of sulphurous anhydride 14!;- 7 

140. \Miy is oil of vitriol so named, and why is Nordhausen 

sulphuric acid so called? . , . 147,148 

141. Describe the English process for manufacturing sulphuric 

acid on a large scale ..... 149 

142. What is the function of nitric oxide in the manufacture of 

sulphuric add ? . . . , -149 

143. Marne some^f the properties of sulphuric acid, and the 

* test for detecting it . . , . 150, 151 

^144. What is meant by the term dibasic ? ’ . , * >Si 

145. What is meant by moruftl metals, and by dyad metals, and 

by what mark are the latter distinguished from the 
^ former? • k ^ ‘ * * -^51 

146. W1iat is the difference b*elween a hypSsulphit! and a sul- 

phite? and explain the use of sodic hyposulphite in 
photography ^ . . . . 152 

147. Kxplrin the equation NagSOg -1-8 = Na^SaCg ^ . . 153 

1 48. What is the diflercuce between a sulphide, a sulphite, and , 

a sulphate ? . . . . . . — 

149. Explain the process for obtaining sulphurettted hydrogen., 

and describe the properties of this gas, and of its aqueous * 
solution ..... I53'5 
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Nt\ 09 
QVWiT. 

150. 

* 51 . 

152. 

* 55 - 

154. 

* 55 . 

156. 

157. 

158. 

*59. 

i6q. 

i6i. 

1C2. 

163. 

164. 

165. 

166. 

167. 

l6S. 

169. 

170. 
171* 

172. 

i73‘ 

<174. 

*7S* 


PACtB 

What metals may be precipitated. l>y metjus of 8ulpbtn*ette<i 
hydrogen? , * , . . , . , . * 156 

Describe the properties of carbon.disttlphide . • *57 

What is -there peculiar abdut the atomic and moleailar 
volume of phosphorus ? , ,, 159,162 

State, in a double column, the chief differences between 
crystalline and amorplious phosphorus . 16 1 >3 

Give the formulie for the chief compounds of phosphorus 
and oxygen • . . , . 163 

What are the three fotms of phosphoric acid ? . . 164 

What is the difference between a phosphate and a pyro- 
phosphate? . . . . . -1^5 

What is a monobasic, a tribasic, and a tetrabasic acid ? . 166 

HoAvis phosphuretted' hydrogen preparetl ? and wLat are 
its properties ? ♦ . . . . 166-7 

Describe some of the ciystalliscd and amorphous forms of 
silica ....... 168 

liow is pure silica obtained ? • . . .169 

What do you mean by dialysis? . , . .17c 

Give the formula^ for fire-clay or alumina silicate, ferrous 
silicate, and lead silicate / . . .17) 

What is the composition of difFerenf kiiKis of glass 7 • * 

Explain the equation : 

2CaF2 + 2Ha‘S04f SiOg-.-SiF^+aCaSO^ + aHaO . 173 

How does boron occur in natuie? . , • *75 

Under what fonns has Ooron been obtained ? . . .176 

Give the formul.e for bomcic anhydride, boradc acid, and 
borax . . . . , * • *75 

What, is the atomicity of boron ? ^ . . . *76^ 

What are polymeric bodies? and give examples , 177 

How is olefiant gas prepared, ^n^ why is it so named? , , 178 

What is marsh ^?, and give its atomic and molecular 
• weights, its specific gi;aAdty, and relative weight . *70 

■ What is tl^ principJh of the Davy Jairif) ? , 180-1 

Describe Btihs^’s bmitier • . . * . 182 

Desaibe the blow-pipe, and distinguish clearly between 
tlie reducing dame and the oxidising flame . * .184 

What the chief products of the destructive distiilation 
of coal ? . . . • , ,, 186-7 



Qitestioits for Examimiiaft. ^ 5 . 

KO. or , • , - 

QUEST. ■ ' 4 .4 ^ 

176. Give the formult fijr potassic ferrpcyanide^ and aesoHbe ,, 

J\ow it is prepared . . - ^ . .. lS8 

477, What is the difference between a simple and a compound 
radical? • • * • • • 

178, Wliich is the radical in NaCl, HNO^, and also in KCN, 

and which of the tliree contains a nitriou, and what is it ? 1B9 

179. Explain the equation : lCCy + iH2S04=sHCy.-f^KHS04 .,189 

, 180. Give some account of the atomic theory, and distinguish ^ 

clearly tjie four laws of chemical combination i 191- > 

.181. How do you distinguish between the terms atomic wmght 

and chemical equivalent ? . . . , ' *9^-4 

182. What is meant by the terms atom, molecule^ atomic 

wdume, and molecular vdluine ? . * . 1^95 

i8,?. How arc the atomic weights of the elements determined? 195-8 
184. What ai*e the general characteristics of the metal«5? 198*201 

1S5, What is the specific gravity of sodium, magnesium, alumi- 
mim, antimony, zinc, tin, iron, copper, silver, lead, 
mercury, gold, and platinum? and give also their fusing 
. points . • . * . *199 

1 86. *Whal is the difference between an alkiy and an amalgam? 201, 202 

1 87. What is meant by a native metal ? , , . 202 

188. Name the metals of the alkalies and their atomicity • 203 

189. What is the atomicity of the metals of the alkaline earlhs? 203 

190. Wlial is there peculiar about the ^micity of the six metals 

allied to iron ? . . , . ^ . 204 

191. Name the nine noble metals , , . .205 

♦92. How is potdisium prepared ? . , . . 205 

93. Explain die term basic oxide . . , . 206 

1 94. Explain KaCOg + CaC^ HgO 2KH 0 + CaCOs * . 206 

195. Besciibe some of the properties hf potassic carbonate . 207 

1 94 Wliat is nitre ? and stl|e ^mo of properties and uses 208-9 . 

197. tvhat is sea-saU, and how is it oblaiflftd ? * , . ' , , 2I i 

1 9$. Describe bnedy manufactsme of soda from ^a*«alt« and* 

explain the terms tmll soda, black ash, On^'aoda^ash* 211-13 

199. How do you distlugni^ between the saltsbfpDtassh*m and 

those of sodiniUi'^^ . . ^ ' • ^4 

200. Wlial is Nessler^s test? . . » , , . • 217 

201. How is baryta 'o'btained ? and describe its prqi^ics , ^ 217 

202. How is baric sulphate converted into a soluble sulphide ? . : 2t8 
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QUEST. 

303. 

204. 

205. 

206. 
307. 

208. 

209. 

210 . 
211 . 
212 . 
213* 

214. 

215. 

216. 
317. 

218. 

219. 

220 . 
221 . 
222 . 

223. 

224. 

225. 

226. 
237. 
2284 
229. 
236. 
231. 
2^2. 
23 , 3 ' 

234.* 


^ KAO* 

Describe the tests for barium salts I . . , 219 

Give a few particulars respecting strontium . .219 

How is lime obtained, and what is meant by quick lime 
and slaked lime ? . . • * . 220 

Wliat is plaster of Paris? . . . . .221 

Describe sonic of the varieties of calcic carbonate . .223 

Name some tests for calcium salts .... 223 


Howls aluminum obtained, and what are its chief pro- ' 
perties? ..... -223-4 

What is a lake, and what is a mordant^, . . .224-5”* 

State some of the properties of hydrate of alumina . 225 

Explain AI2O3 + 3C + 3CI2 ALClfl 4 - 3CO . .225 

Explain the constitution of the alums . , , . 226 

What is the formula for the best fire-clay ? . ‘ \ 227 

What is biscuit ? . . . . . . 228 

Describe some of the tests for aluminum salts . .229 


Name some of the chief salts of magnesium with their 
mulae and tests ..... 

How is 2inc obtained from its ore ? 

Describe some of the properties of zinc 
Give .some account of the salts of ^-inc 
How is cadmium distinguished irom zinc ? 

Give some account of cobale and its oxides 


for- 

.230-1 

. 232 
. 232 

• 233 

• 234 
' 235 


How are compounds of cobalt distinguished before the 
blow-pipe ? . . . * . ^ , . 2$^ 

What is the chief ore of nickel? , . , . 236 

What arc the more important ores of iron? . . 237 

How is iron obtained from clay irdn-stone ? . . 238 

How is cast iron converted int<^ wrought iron ? . . 239 


^ ’ ; 

What is stej^l, and how do you distinguish it from iron ? f 39-^* 


Describe the compounds of iron and oxygen 
Qow do you distinguish between ferrobs and ferric salts ? . 
How are thS chromates prepared on a large .scale ? 
Describe some of the peculiarities of the manganates 

How is ^otassic permanganate prepared? and give an 
illustration of its use ..... 
Give some tests for manganese . , , , 


40 

241 

243 

*45 

247 

24S 

248 
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235- 

236. 

237* 

238. 

239* 


.240. 

241. 


242. 

243. 

244. 

245. 


246. 

247- 

248. 

249. 

250. 

251. 

252. 
2f3- 
254. 

•255* 

256. 

257^ 

258. 

259- 

260. 

261. 

262. 


263. 


PAOB 

Name some of t^s alloys of tin . . . , 250 

How are .stannous chloride and stannic chloride prqwtred ? 251-2 
What are the atomic and molecular volumes, and the rela- 
tive weight of arsenicum ? . . , *253 

Describe the two compounds of arsenicum with oxygen . 255 

Give an account of Reinsch’s test for arsenic ; also of 
Marsh’s ..... 255-6 


. 2y 

Give the molecular and atomic weights, the specific gravity, 
the relative weights, and molecular volume of arseniu- 
retted hydrogen . . . . *257 

What is the action of a solution of argentic nitrate on this 
gas? 2S7 

IIow is antimony obtained ? . .... 258 

]^cribe the chief properties of antimony . . . 25S 

What are the compounds of antimony with oxygen, hydro- 
gen, sulphur, and chlorine? .... 259 

How do you distinguish in Marsh’s test between antimony 
and arsenic ? . , . . , , 260 

Describe some of the properties of bismuth . . 260 

What is the formula for the basic oxide of bismuth ? . 2O0 

What is the most important soluble salt of bismuth? . 260 

Why do bismuth .salts in solution generally become milky 
when diluted ? . . , . . .261 

Describe briefly the Welsh process of copper-smelting . . 262 

Describe the more important properties of copper . 262-3 

How is cupric oxide obtained? .... 263 
What Is the formula for blue vitriol? . • . 264 

Describe the tests for cof>per .... 264 

How is lead obtained from its sulphide ? , . 265 

What are the chief prof^rtifs of lead? . • . 265 

V^iat is the action of pure water on lesifl ? * . . 266 

What is litharge, and what is miinium? • • .267 

Describe some of the salts of lead . . . « • . 268 

How is the presence of lead detected in water ? . . 269 

Gi^'e some of the numerical constants of mercury, such as * 
its specific gravity, melting and boiling points, atomic 
weight, &C. , . . . . . ^70 

What is cinnabar, and how is quicksilver obtained from it? 270 
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Questions for Exnmmaiion. 


QURS r. 

264. IIow may mercury be purified ? . | . ♦ 270-1 

265, What is the action of acids on mercury? . • . 271 

2O6, What is vermilion ? . . • , .272 

267. Describe the chlorides of mercury, and give the formulje , 273 

26S. WTiat tests are employed for mercurous and mercuric salts? 274 

269. Write down some of the leading properties of silver . 273 

270. What is the action of common salt on argentic nitrate? 

and express the reaction in the form of an equation . 276, 

271. How are the argentic chloride, bromide, and iodide re* 

duced to metallic silver ? .... 27^4* 

272. Describe some of the properties of gold . . .278 

273. WHiat acid dissolves gold, and how does it act ? . . 279 

274. How is the parjde of Cassius formed ? , . . 2S0 

275. What are the pi opertlcs of platinum ? . . ^Sc 

276. What is the atomicity of platinum ? , , .281 

377. Describe a few of the salts of platimim . . , ?i>j 
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ACI 

A cids, 30 

~ name$ of* 33 
«v4lkdv.Iana, 227 
Afier-damp of mines, jSo 
Amte, 169 
Aa)ae, 227 
AlkiUcSj 30 

— ineiab of the, 203, 20^ 
tests f«Tf, in combi- 

Altotropy, 92 
Alloys, metaliic, 201 
* Al'jin, 226 

— various kinds of, 226 
— privities of, aa6 
Alumina, 224 

• — iiroperties of, 224, 225 
— ^ulpliAte of, 226 
— silicates of, 171, 227 
Aluminum, 223 
properties of, 224 
tests for aluiuintim sails, 


229 

Aluminum bronze, 224 
Atnalcam, 202 
Aiuetuyst, t68 
Ammonia, 114, xdo 
sources of, 1 14 

— preparation of, nq 
•nfipropertics of ammcini»> 

cal gas, 116 

~ A>>sorption of ammonia, 
S, ”7 . 

-*• solution of, 1x7, ti8 

— " analysis of, 119 

-- solution of, in witter, ai6 
— Nessler's test for, 217, 

Ammonia oxalate, 223 
Atnmonic carbonate, hy> 
tlric, 217 

Amm(|Ttic magnesic phos* 
phaifc, x6s, 231 
Ammonium, 2x5 

— hydratev 2t6 

— nitrate, no 

. ~ suhthidc and carbonate 
of, 1S5 

Amorphous bodies, 103 
Amoqjhous phosphorus, 
162 


ATM 

Analysis, 3 
Anhydrides, 74 n&fe 
Anhydrous sulktsmces, 57 
Aniline, iSO 
Annealing glass, 171 
Anthracitt!, 86 
Antimoniates, 259 
Antimonic anhydride, 
j6o 

Antimonions atihydride, 


Auiimoniuretted hydro- 
gen, 

Aiiiitnony, 258 
•— crude, of commerce, 
»S8 

— oxides of, 259 

— sulphides of, 259 

— chlorides of, 239 

— compounds of, 260 
Antimony sulphide, 156 
Antiseptic powers of cmar. 

coal, 91 

— properties of sulphu- 
rous anhydride, 146 

Aqua-fonis, J04 
Aragonite, 222 
Argentic bromide, 134 
•— chlorate, 130 
— ' chloride, 130 
Arsenic, whence obtained, 
242 

Arsenic auhj^dride, 160, 
, a 5 <j ,.^57 , . 

Arsenic, white, 255 
Arsenicum, 253 

— pi^arc^oft of, 253 

prrijkrties of, 254 
alloy of, 254 * 

— CQUipounds of, 255 
-^ests for, 255 
iu’senlous anhydride, t6o, 

*S 4 i.aSS»a 57 ^ , 
Arsemuretted hydrogen, 
160, 9 S 7 
Asbesioa, 230 

Atmosp Wit; ah’) >5 

— not an element, 15 

— experiments on, x6 

— a mixture of several 
gases, 38 


life 

j At TOOspbcric air coni, 

— less abundant comjjo- 
I nents of, 3S 

— carbonic acid in the air. 

«3 

Alonuc theory, the, 190 
Atomic weights, 7, 192-196 

— talde i>f, 198 
Atomsf,' lyi, 195 
Atki'^ctiou, cJiemical, 4 
Augite, 22S, 230 
A^ute, 36 

Axotisep substances, 38 


B AlrL SODA, or black 
ash, 2x3 

Baric carbonate, 219 
*- chromate, 245 
— sulphate, 147, 151, 152 
— sulphite, 147 
— sulphide, 

Barium, x4Xji 217 
— salts of, 218 
— tests for salts of, 219 
Baryta, 217 
Baswt, 2Z7 
Bases, 3x 
— names of, 33 
Bell-met^ 201, 230 
Beryl, 229 

Bipnosphate of soda, 164 
BiscuK ware, 228 
Bismuth, 260 
— j)ror)enies of, 260 
—• alloy of, 260 
— oxidhs of, x6o,'26o 
— ^tlphide of, a6i 
—Trichloride a6» 

— nitrate of, 261 
Blsmuthic anhydride, 160 
Bisulphites, 240^. 

Biftem; <yr lAotW Hquor, 
of sea water, 133 
Black-lead, 83 
Bleaching cotton gooTU 
and paper, 122 . 

— powder, or cnloridt of 
lime, 130, * 

— properUM of sulpha 
rous anhydride, 146 
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Ittdex, 


BLE 


CUL 


Blende, X41, 939 
Blowpipe, mouth, 183 

— use of the, 184 
Blue pill, 971 
Bohemian glass, 280 
Boiling point, 45 

Bones of animals, prin- 
cipal earthy component 
of, 160 

Boracic acid, 173, 176 
Boracic anhydride, 175 

— source of, 175 
Borax, 173 

— where found, 175 

— uses and laroperties of. 


175, 176 
Boron, 174 

— properties of, 174-176 

— mode of obtaining, T74 

— crystals of, 174 

— compounds of, 175 

— oxide of, 175 

— combination with fluo- 


rine, 176 
Brass, aoi 


Broiiiide, 134 

— of silver,' 977 
Bromine, 13a 

— properties of, 13a 

— sources of, r^a 

— furnuuion of, 133 
Bronze, aoi, 950 

* Bull-doe ’ slag, 17X 
Bunsen's oumer, iSa 


Caesium, 2x4, 915 
Calamine, 332 
Calccdony, 168 
Calcic carbonate, aaa 

— chloride, aai 

— fluoride, 138 

— phosphate, 160 

— silicate, *71 

— sulphate, X52, x6o, 221 

— sulphide, 156 
Calcium, X4t, £19 

-> coml»ounds of, 2x9, 220 

— tests for calcium sjalts, 
223 

Calico printing, cotiMirs 
in, 934 ^ 

Calomei, 373 
Carbides, 93 
Carbolic acid, x86 
farbon, 73, 84 

— vaneties of, 84-90 
-• properties of, 93 
~ compounds of* 177 
Cariion disulphide, 157 

— properties of, 157 

— preparation of, 158 


— oxide ol 


Carbonate of ammonium, (41 
i8s , 

— 01 lime, aio 
Carbon ales, 74, 83 
Carbonic aci^ 39, 83 
Carbonic anhydride, 73 

— formation m, 74 

— properties of, 75 

— density of, 76 

— test for, 77 

— sources of, 77, 78 

— decomposition of, 80 

— synthesis of, 81 ^ 

— carbonic acid in the 
atmosphere, 83 

Carbonic oxide, 93 

— formation and prepani- 
tion of, 94, 95 

— properties of, 96 
Cast iron, 338 

— ^rey and white, 239 
Cerite, 229 
Cerium, 229 
Cctylenc, 177 
Chmybeate waters, 55 
Charcoal, lamp-black, 90 

— antiseptic pmvers of 
charcoal, 91 

— preparation of, 88 

— as a fuel, 89 
Charcoal, animal, or ivory 

black, 90^ 

— preparation of, 90 
Chemiral formulae, 7 
Chemistry, scope aim 

of, I 

China, basis of, 224, 228 
Chlorates, X3X 
Chloric acid, 129 

— — preparation of, 131 

— cxide, X29 
Chloride of lead, 134 

— of lime, X30, mtt: 

— of rnerairy, 734 

— of silver, 277 ’ 

Chlorides, 133, 130, 167, 

j68^ 

Chlorine, zso 

— mode, of obtaining, xao 

— solution of/.'Xzx/, 

~ properties of, 2^2, 123 
~ compounds of chlorine 
and oxygen, 139 

— combination of sulp’^ur 
with chlcnine, 158 

Chlorine acids, 130 
Chlorous acid, xsp 

— anhydride, 129 
Choke damp, 78 
Chromate of bismuth, 946 

— of cadmium, 246 
Chromates, the, 245, 346 
Chromic anhydride, 235 
Chromium, 344 


Chromium*— <•<»»/ 

— oxides of, 244 

— salts of, 245 
CinnaW, 272 
Clays, 324, 227 

— varieties of, 327 
Coal gas, 185 

— manufacture of, 18^ 

— products obtained irom 
heating coal, 185, 186 

— purification of, x86 

— odour of, 186 
Coal, pit, 86 
Coal tar, 185 

— dyes procured frofltn, 
x86 

Cot»alt, 23s 

— oxides of, 935 

— tests for salts of, 936 
Cobalt nitrate, 235 
Coke, 87 

88 


Coluinbium, 253 
Combination, chemical, 1 

— mixture distinguished 
from, 13 

Combustion, 24 

— m.itter when bimu not 
destroyed, 24; 35 

Compound ratlicals, the- 
ory of, 189 
Coinjwunds, 3 
Condy’s green disinfect 
ing fluid, 247 
Copper, a6i 

— properties of, 26a 

— smelting, 262 

— oxidbs <if, 263 

— chloride anti ‘•ulphides, 
964 

— tests for, 264 
Corrosive sublinustc, 273 
Corundum, 224 
Crucibles, 171 
Cryolite, whence ob- 
tained, 13S 

Crystals, classification of, 
97 

— symmetry pf, jT, 

— axes of, 

— cleavage of, 09 

— Cubic system of, 99, 1 00 

— square prismatic, or 
pyramidal, system, luo, 

lOX 

— rhombohedral, or hexa- 
gonal system, xoi 

— prismatic system, xoa 

— oblique system, 102 

— doubly oblique system. 

*03 

Culm, or anthracite, S6 


— preparation of, 
Colcathar, 147 
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CUP 


GOL ' HYD 


Cupreous oxide, a(>3 
Cupric chloride, 264 

— oxide, 263 

— sulphate, 145 

— - sulphide, 1 56, 264 
Cyanogen, 188 

— preparation of, t88 
piopcrties of, iSS 

* -- Its property of com- 
bining with the metals, 
188, 189 

and with hydrogen, 

\ xS 3 , 189 


D AVY’S safety lamp. 
180, i8t 

DecomjHisition, 3 
1 iestructive distillation, 89 
Dialysis, 170 
Diamond, 84 
Didymium 

DihydrU'jfoUic phosphate, 
1^4, 165 

Dimorphous bodies, Z03, 
142 

Dioxide of barium, 2x7 
Dipota^vsic sulphate, or 
normal sulphate, 251 
~ .sulphide, 156 
Disodic flydric phosphate, 
formation of, 164 
- sulphite, 146 
Distillation, 234 
— destructive, 89 
Disuiphaics, 252 
Disulphide of iron, 243 
Dithionic acid, 144 
Dolomite, 330 
Dnctiliiy of metals, 202 
Dutch liquid, 278 
Dyads, or bivalent clc- 
tyaients, 73, 73 0 


*^r^ART^EN^VARE, 

basis of, 234, 228, 

— manufacttire of, 228 
Eftcrvesccnt waters, 55 
Elements, chemical, 6 

— combination, 2 

— mode of occurrence, 4 

— numbi^ of, 4 

— division into metals and 
non-metals, 5 

— list of, witlt their sym- 
boE and atomic wciglits, 
6 

Emerald, 229 
f Emery, 224 
Epsom salts, 230, 232 
Erbium, 329 

Ethylsulphiiric acid, 178 
Eudiometer, the, 65 


^ T^ELSPAR, or adu- 
^ i ^ larta, 227 

— varieties of, 227 
Fermentation, carbonic 

anhydride formed by, 
77 

— mode of checking, 146 
Ferric oxide, 33, 147, 242, 

242 

Ferrous carbonate, 337, 

243 . 

— chloride, 21, 343 

— oxide, 33, 241 

— .salts, 243, 244 

— sulphide, 243 

Filter, paper, how to 
make a, 90 
•— for water, 91 
Firc-brick»„,X72 

— clay, 171 

— damp of mines, 179 
Fiame^ structure and iwo- 

pemes of, 181, 282 

— the blowpipe, 284 

— the reducing and the 
oxidising flames, 184 

Flint, 169 
Fluorides, 138 
Fluorine, 138 

— compound of, with hy- 
drogen, X40 

Fluor spar, X38 
Foil, of metals, 202 
Freezin|r point, 45' 

Fur inside a bimci, 53 


G alena. 141, afis 

Gas coke, 183 
Gases, 12 

— experiments with, 20 
measurement of, 29 
Gaseouseompounds of the 
diiferent etements, 72, 


7,3 

German sUver, 202, 2^6 
Geysebs of Iceland, silica 
dissolved in the, 270 
Gla.ss, action of hydro- 
fluoric adid on, 139 

— matlufacturc of, 170^ 

17X ' 

— window glass, or crown 
4lfIas.Si 171 

— plate glass, 172 
— > bottle ^lass, 273 

— Bohemian glass, 170 

— flint glass, 173 

— properties of, 172, 173 
annealing, X73 

Glaxe for stoneware, aaS 
Glucinum, 229 
Gneiss, 227 
Gold, 278 


Gold— 

— properties of, 378, 279 

— alloy of, 279 

— oxides of, 279 
Granite, 227 
Graphite, 85 

Guano, phosphorus in, 
160 

Gun-metal, 201, 230 
Gunpowder, 209 
Gypsum, 222 


‘J^^MATITE, red,* 

— brow'n, 237 
Haematite anhydralc, 

brown, 342 
Halogens, 140 

— compounds of the, 140 

— compared with each 
other, 140 

Harrr'fate water, 155 
Hartshorn, 114 
Hornblende, 230 
Hydrates^ 57 
Hydric disodic arseniate. 


— disodic pliospliatc, 165 

— nitrate, 105 

— potassic sulphate, or 
disulphate, 152 
potassic sulphide, 156 

— potassic sulphite, 146 
Hydride of phosphoi-u.s, 

266 

Hydrides, 73 
liydriodic add, 137, 140 

— properties of, 137 
Hydrobromic acid, 140 
Hydrocarbons, 277 
Hydrochloric acid, 220, 

223, X40y X67, 173 
•— properties of, 124 

— analysis of, 125 

— solution of, X26 
Hydrocyanic acid, x88, 

289 

— properties of, 289 

— test of, 289 

— ^metimes obtained 
from kernels and leave.s, 


Hydrofluoric acid, 238, 
140 

— 'hs action on glast^ 238, 

H^gog .»,58 

— mode of preparing, 5^ 

— properties of, 60, 61 

— union of hydrogen and 

oxygen, 63 , 

— dtniision of, 6^ 

— its atomic weight and 
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Index. 


hyd ' met 


NOT 


Hydroi^en -row/, 
combuting voluinc, the 
unit or standard of com- 
parison, 70 

— union with chlorine, 
oxygen, or nitrogen, 71 

-- gaseous compounds of 
the different elements,. 
72, 73 

— salts of, 106 

— compounds of, with 
phosphorus, 166 

Hydrosulphates, 1 55 

Hypuchlorotts acid, tsg 

tlypochloTous anhydride, 
1S9 

Hypophosphorous acid, 
166 

Hyposulphites, 

H yposulphurous add, t/n 


T CEL AND SPAR, 222 
X Indium, 234 
Iodic acid, 138 

— anhydride, 138 
Iodide of silver, 277 
Iodides, 135 

— tests for the, 135, 136 
Iodine, 13^ 

— properties of, 134. *35 

— tests for, T3S 

— source of, 136 
Iridium, 282 
Iron, 237 

— variciies of, 237 

— ores of, 238 

— modes of obtaining, 
83S 

— slag, 238 ^ 

— cast or pig iron, aj8 

— properties of, 240 

— oxides of, 241 

— tests for, 243 
Ironstone, clay, 237. -3?i 


— black-band 
)somort)hou5 

140 

Ivory black, 90 

— preparation of, 90 


, 23* 

bodies, 




t- , 


K elp, 137 

Kis^JJgcn water. 


Kreuznach water, 133 


L ' AMP-BLACK, 90 
Lanthanum, 229 
I.aughing gas, iix 
l^ad,'26s 

properties of, 265 


— uses of, a66 

— oxides of, 266 

— compounds of, 267, 269 

— salts of, 263 

— tests for, 269 
I^ad carbonate, 268 

— cliloride, 268 

— chromate, 268 

— iodide, 26S 

— nitrate, 268 

— silicate, 171 

— sulphate, 152, 268 

— sulphide, afcS 
Lime, 220 ^ 

— hydraulic, 221 

— Uses of, 221 

— quiokiiiue, 2?o 

— milk i*f lime, 

I /imesionc rocks, 220, 22 j 
Lujuids, 12 
t barge, 267 
uis-papcr, 31, Hole 
111, 227 


M agnesia, 730 

Magnesic chloride, 
230 

— pyrophosphate, 231 
— sulphate, 231 
Magnesium metals, 229 
Magnesium, 14O, 229 
— properties of, 229, 230 
— oxide of, 230 
— tests for magnesium 
s;dts, 231 
Manganese, 246 
— oxides of, 246, 247 
— compounds of, 247 
— tests for, 247 
Manganous oxide. 246 
Marcnma, boractc acid 
in the, X75 
Marl, 227 
Marsh gas, 179 
— where fotyad, 179^ 

— properties of, 179 
Marsh’s test for arsenic, 

Mercurial palsy^ 27^ 
htercuric cnlonde, 273 
— cyanide, x88 
— iodide, 273 
— oxide, 272 
Mercurous chloride, 273 
— chromate, 246 
— oxide, 272 
Mercury, 270 
— properties of, 270, 271 
— compounds of, 272 
— oxide of, 272 
— tests for, 274 
Metals the, 198 


U — sulphides of, IS5~*57 
1 — propcriies of, 199, 200 
j — table of gravities and 
I fusing points of, 199 
j — nialleaDtiity of, zox 
I — alloys, jot 

— aramganis, 202 

— native metals, 202 

, — classification ol, 20a- 

20s 

Metapho.*5i»liatcs, 166 
Metaphosplioric acid, 166 
Metastaiiiiic acid, 251 
Meiric system, 10, ix ^ 
Mica, 2.18 , 

Mineral waters, 55 
Mines, liie-darup and 
afier-tiamp of, 179, tSo 
I Minium, 207 

Mirrors for lighthouses, 
'■^7^ 

I Mi.spickel, or *, 'uic sul 
j phide of iron, 24^ 
Mixture distinguished 
from combination, i j 
Moffat water, 154 
Molecular weights, 192- 
xyt) 

Molecules, 72, 195 , 

Molybdenum, s'5>' 
Moirals, or univaletit ele- 
ments, 72, 73 
Moiu^basic acids, 166 
Mordants, in dyeing, 2*^ 
Mosme gold, 25 1 ' * 

Muriatic acid, 126 


N aphthene, 177 

Nickel, 236 
— properties of, 236 
— alloy of, 236 
— oxides of, 236 
Nitrate of bismuth, 261 
— of silver, 277 
Nitrates, 209 
Nitre, or saltpetre, 208 
Nitric acid, 104 
— distillation of, ro^ 

— properties of, loyD** 

— action of, oh metals. 


108, 109 - 

Nitric amiydrid(^^i09, 160 

— oxide, 1 ta 
Niiridrs, 38 
Niiriies, 114 
Nitrogen, 36 

— methods of obtaining, 
30 

Nitmusacid, 1x3 

— anhydride, 123, t6o 

— oxide, tro 
Notation, chemical, 6 
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OR 


RLI • SOD 


O ILGAS, 177 

Olefiant (jas, 177 
— production of, 178 
— properties of, 178 
- - name of, 178 
Oolite, 222 
(•pal, tCcj 

Ores analj'sU of, 154 
• OrjmWnt, 2^4, 257 
O'siiuum, 282 
O'cuUtiori, 24 
24 

of rmbon. 73 
• - of dilorioe, 129 
-- •f iron, 241 

lurro^on, 104 
o1']ili(»sphouis, irJ3 
tiic word, 19 

~ niodo of prepaniijii 21, 

— pn'pertics of, 2.% 23 
— abundanceof, 20 

— ttM 

( ) \ v^en-fulphiir acid.?, 144 
0\>ls\'Jrogen IKiine, j8i 
r < •\iiiUrog6n jet, the, 65 
(.bOM', 34 
— le^t lor, 34 

*pAt.r,APlT;M. ?83 

I ]*oarl-<i'ih, roy 
jV tiiailiiouic .icid, 144 
i’cijiloric acid, j:‘ 9 
Periodic acid, 138 
liM'te, 227 
Jp'ctiilactlon, 170 
Pho.iphoru' acid, t()3, 167 
— fonnatirm of, 164 
— different forms of, 164 
Phosplioric anhydride, 
t(k), 163 

Phtophorous groufi, 159 ^ 
Phosphorus, 150 
— properties of, 1159, 161 
• — wliere and how oh- 
Claim'd, i6(». i6x 
— vinte and red forms 
of, 102 

— distillation of, ids 
— s.ifwg* matches, rtra 
— oxides phosphorus, 
16 i 

— compounds of, w'it)i hy- 
drogen, j66 
Phospliorous acid, 166 
— aniivdridc, 160 
— iodide, 137 
Phospliuretted hydrogen, 
160, i66^ 

^ - properties of, idf*, 167 
— ' fiirmafion of, xfij 
— behaviour of in chlo- 
rine, 167 


4*Hotography, use of sodic 
'J hyposulphite in, 152 
— - fixing a picture, 153 
Pig iron, 23S 
Jhtcliblende, 237 
Plaster of Paris, 221 
* Plated goods,' 276 
IMalintc chloride, aSt 
Platinum, 280 

— jiroperties and uses of, 
aSu 

— compounds of, 281 
IMumbago. «5 

Puli tbioinc acids, 144 
Porcelain, basis of, 2.*4,228 

— nianiifuctnrc of, 
I'or]»hyty, 

Portland stone, 2.^'? 
Potash, caustic, 200 

— lye, i’cv, 

— of coimncroc, 207 
Potassic carbonate, 207 
•— chloiate, I30 

— chloride, 130, 207 

— chlorite, nr 

— cyaimle, 189, lyo 
diliync arseniaic;, 257 

— hydric carbonate, 208 

— hydrate, eo6 

— hyi>ochloritc, t30 

— nitrate, 20S 

— perchlorate, 131 

— permanganate, 248 
Potassium, 303, 005 

— mode of obtaining, 205 

— oxide.? and hydrate of, 
2o6 

— salts oO 207 
Precipitate, 54, 7/ir/e 
Prism, 104, //ofe 
Protosulphide of iron, 242 
I’russic acid, 188 
Prussian blue, components 

of, r88 _ 

— formation of, 190 
P-sthnnelane, 247 
PumiccjlssS 

' Purple of Cassius, 252, 
280 

Putty ;;pw^r, 251 
PyriieS;^roii, 242 
Pyrolusite, 247 t 

Pyrophosphates, 165 
Pyr»pho.sphoric acid, 166 


Q uartz, silica in, 

.68 

R AtK WATER, 49 
Realgar, 

Red lead, or mirtiuni, 267 
Kcitisch's test for aneiilc, 

ass 


I 

I 


1 


i 

! 


Respiration, carhonic an- 
hydride produced by, 77 
Rliodiuni, 2S2 
Rhombic j^ho.sphate, 164 
Rouge, jewellers’, 242 
Rubidium, 2x4, 215 
Ruby, orieutal, 224 
Ruthenium, 282 


S AFETY LA^^I^ Sir 
H. J)avv's, lio, idi 
— matches, niaiiufacturc 
of, i6'j 

Saline ivaters, 55 
Saltpetre, or nitre’, 2o3 
Salt, bay, 21 1 * 

— cake, SIX, 212 
— coiinmm, 210, 211 
— rock. 211 
— table, 2x1 
Salts, 31 

— names of, 32, 33 
Sapphiie, 224 
S.'xxony blue, 148 
Scheele's gteen, 255 
Sea whaler, 30 
— salt, X20 
Selcnic acid, 159 
Sclcnious acid, 159 
Selenium, 158 
— properties of, ir,8, xs9 
Sfclcniurctted hydiugwa, 
159. 

Sestpiicbloride ofiion, 243 
Scwpiisiifpliide of .mu- 
mony, 259 
Silica, i 58 

— properties of, xG8, i6'j 
— solution of, 170 
— petrifaction, 170 
S|ric.atrs, 170 
Silicic fiuoride, 171 
Silicon, 1 68 

— preparation and pro- 
periie.? of, ih8, 174 
— oxide of, 168 
— compounds of, 1 73, 1 74 
Silver, 275 
— properties of, 273 
— oxide of, ?7(i 
— ctnipouiuL of, 277 
— tests for, 37 'i 
‘Silver tree,' 278 

Smali^ 23s >» 

SinJImg-salls, 2x6 
Spathic iron, 237 
Speculum metal, 250 
Spring water, 50 > 

Soda, caustic, or sodir 
hydrate, sio 
— manufacture of, 21 1 
— ash, 212, 213 • 

— crystals, 213 
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Soda water, h iw made. 76 
Sodic carbonate, aia 
• — carbonate, hydric, ax4 
' chlonde, 211* 

— hydrate, 210 

— hviw.sulphUe, is» 

— ivtdide, 137 

— nianganaie, ^47 

— phosphates;, 164* r6s 

— staonaie, 25*, 

— sulphate, 211 ■ ^ 

Sodium, 2X0 

Otitides of, 2JO ' 

Solid bodies, xa 
'^biciiteiSi, 222 

Stataj^^, 223 
Stantoie acid, 252 

— chi(^e, 2ji 

— oxide, 250 

— sulphide, 156, 251 
Stannous chloride, 250, 251 
— *o*.ide, 250 

— sulphide, 251 
Steel, 930 
Stone-blue, 235 
Stoneware, manufacture 

of, Bva 

Strontic sulphate, is*» 8^9 
Strontium, 219 
Sublimation, 134 
SubphoRphatcof soda, i<^4 
Sitlphate of b.iriura, 21b 
Sulphates, 141 
Sulphide of ammQniutR, 
xBs . 

— of hanum, 218 

— of hilvet, 277 
Sulijhides, X43 

— of metals, iSS-TSZ 
Sulpliites, 146 

properties of the, fij? 
Sutphiif group, 141 
Sulphur, or brimstoue, X4X 

— sources of, T41 

— proj)erties of, 141 

— crystals of, X42 

— distinatioH <5)t, 143 

— roll sulphur of com- 
merce, X44 

■ — flowers of, 144 
•— compounds of, with 

-'’SwUhllorinc/.sS 
Sulphur salts, 259 
Sulphure^s 143 
Sulphuretted^ hydroj-en, 

m. 159. 24* , 

— preparation of, 153, 154 
properties of, T54 

— <ompounds with metals, 
»5* 

— tests of, 137 


Suli^isriit^ waters, 53 ^ 
acid, X47 ^ 

uaportaac'e ot the 
..ip^ufacture of. 147 
, '■ iN^Aqiode of preparing, 148 . 

'H '^^^rt^smufacture of, on a j 
.VladSBfe scak, X49, 150 i 
-^i^ltSOf, T5X ' 

Sulffliuric anhydride, for- j 
xuation of, 148 
Sulphurous acid, 744, 145, 
146 ^ ! 

Sulphurous anh\ dride, ' 

245 . 24 ^. 

production of, 145, 146 

— properties of, 745 

— acid and sails, t p'> 
Superphosphate of lim?, 

lOT 

Symbols, cheinicai, f» 


T AN 1 AI.UM, 253 

Tartar emetic, 258 1 

Tellurcttcfl h> drogen, xsp 1 
Telluric acid, 759 | 

Tcllutitini, 158 ] 

— proi.>exucs of* 158, 139 
Tellurous a«pid, 739 
'Test-papet%, jr, , 

Tesrts, m cm^istr}', 31, j 

ftfitf ' I 

Tetrabasic acids, i6i^ ■ 
Tetrads, or <iuadriva1ent • 
eletnemtSf 73 I 

Tetrathionic acid, 14J 
Thallium, 269 ' 

— properties of, 2(19 • 

Thorinum, 252 j 

Tin, 249 I 

— r2dIoyS ot, 250 ' 

— oxides of, 250 1 

— compounds of, 251 I 

— tests for, 252 
'I'jn salts, 251 

Tiucal, or crude Indian ' 
borax, 775 « j 

Tinfoil, 249 
Tinstone, 249 
Titanium, 252 , 

Touch paper, V09 ' 
^'mverttne, 223 * 

Triads, or tcrvalent cle- 
raems, 72, 73 
Tiibasic acicU, z66 
•.^phos^oric acid, 165 
Tncalcio phosphate, i6x 
I'rlfliiorides, 176 
Trisodic phosphate, 164, 

165 

, Tritniomc add, 144 
I Tufa, 223 


rype-mefca3i jtedjj.as® 

IJRANIUbji 23^ 

■\ TANADIUM, 253 
V Ventilation of rohms. 
79 . 

Vcrmihqn, pigment, 272 
Viiiiol, blue, 264 

— green, 147 

— white, 233 

oil of, 1 47, 750 

W ATliR, 4: 

— decompohiiioj 
of, 42 

— freezing and boiling s. 

— i*am water, 49^^ 
t4 f>re<tenr.c of ait ib, 40 
ly^ring water, 50 
4— impurities in iiiiiui 
waters, 50--52 
— hard ami soft, 53 
— fur inside u Umo . 

— soap test for, *34 
— mineral wmters, 53 
— sea water, 56 
— saturation, 56 
— crystaiJisailon, 58 , ■ 
— efflorescent axui 
qucscent salts, 57 
— contpounds of. $f 
' — ^composition of, O3, 6. 
— s\ nihesii of, 65 
\ he eudiometer; 65 
Water of crystaltisaiii >n. 
Water cisterns, lead, sO 

slate, v66 ^ 

Weights and measure-,, 
Witherite, 2x9 
Wolfram, 233 
W’oulfe’s bottles, ti3 
Writing-ink, 1124 

Y'n'RIim, 229 

* 7 JJSC, 93s 

— firoperties of, aja 
— alloys of, 233 
— salts of, 233 
— oxide, 233 
— sulphate. 233 
zSreoute chloride, 7 -*4 
Zirconium, 052 


S/ottifWffaiil* Prittitrs, Nma^trvet Sguare^ L^nd^ 










